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#1 NTRO
1.0 | NTRODUCTI ON

THE OLD O FIELD SITE (THE SITE), ALONG WTH THE ENTI RE EDGEWOCD AREA OF ABERDEEN PROVI NG GROUND (APG, WAS
LI STED ON THE NATI ONAL PRI ORI TI ES LI ST (NPL) PURSUANT TO THE COVPREHENSI VE ENVI RONMVENTAL RESPONSE,

COVPENSATI ON AND LI ABI LI TY ACT, 42 USC S 9601 ET SEQ (CERCLA) ON FEBRUARY 21, 1990, DUE TO I TS H STORY OF
ON- SI TE HAZARDQUS WASTE AND ORDNANCE DI SPOSAL. QLD O FI ELD HAS BEEN THE SUBJECT OF NUMEROUS | NVESTI GATI ONS
VWHI CH | DENTI FI ED | NORGANI C AND CRGANI C CONTAM NATION I N THE SO LS, GROUNDWATER, AND | NTERCONNECTED SURFACE
WATER IN THE VICINITY OF THE SITE. TH S | NTERI M ACTI ON RECORD OF DECI SI ON (ROD) ADDRESSES ONLY ONE OPERABLE
UNT (QU ONE) FOR THE SI TE WH CH W LL ADDRESS GROUNDWATER CONTAM NATI ON AT OLD O FI ELD AND THE RELATED
EFFECTS ON SURFACE WATER

A HYDROGEOLOG C ASSESSMENT (HGA) AND PRELI M NARY Rl SK ASSESSMENT WERE CONDUCTED TO DEFI NE THE NATURE AND
EXTENT OF CONTAM NATION I N ALL THE AFFECTED MEDI A, AND ASSOCI ATED RI SKS TO HUMAN HEALTH AND THE ENVI RONVENT.
A FOCUSED FEASI BI LI TY STUDY (FFS) WAS THEN CONDUCTED TO | DENTI FY POTENTI AL SI TE- SPECI FI C GROUNDWATER

REMEDI ATI ON ALTERNATI VES. FOLLOWN NG THE FFS, AQU FER PUVPI NG TESTS AND GROUNDWATER TREATABI LI TY STUDI ES VWERE
PERFORMED TO SELECT A GROUNDWATER REMEDI AL ALTERNATI VE WHI CH WAS PRESENTED TO THE PUBLI C I N THE PROPCSED
PLAN. THE SELECTED GROUNDWATER REMEDI AL ALTERNATI VE CONSI STS OF A PREFERRED  EXTRACTI OV DI SCHARCE
ALTERNATI VE COVBI NED W TH A PREFERRED TREATMENT ALTERNATI VE.

TH S ROD SUMVARI ZES THE ALTERNATI VE SELECTI ON PROCESS AND PRESENTS THE SELECTED REMEDY FOR GROUNDWATER
CONTAM NATI ON AT OLD O FI ELD. THE ROLE OF THE PUBLI C I N THE REMEDY SELECTI ON PROCESS | S ALSO DI SCUSSED. THE
SELECTED REMEDY | S CONS|I DERED AN | NTERI M ACTI ON BECAUSE THE DI SPOSED MATERI ALS (1. E., THE CONTAM NATI ON
SOURCE) REMAIN AT OLD O FIELD, AND A REMEDI AL | NVESTI GATION (RI), FEASIBILITY STUDY (FS), AND R SK ASSESSMENT
ARE NOT COWPLETE AT THHS TIME. A FINAL ROD FOR THE OLD O-FIELD SITE WLL BE | SSUED AT THE CONCLUSI ON OF THE
R/ FS.

1.1 SITE LOCATI ON AND DESCRI PTI ON

OLD O FIELD I S A 4.5- ACRE FENCED HAZARDOUS WASTE AND ORDNANCE DI SPOCSAL SI TE LOCATED ON THE LOAER HALF OF THE
GUNPONDER NECK | N THE EDGEWOOD AREA OF ABERDEEN PROVI NG GROUND, MARYLAND. AS | LLUSTRATED IN FIGURE 1, THE
SITE IS LOCATED I N EASTERN MARYLAND I N CLOSE PROXIM TY TO THE CHESAPEAKE BAY. QLD O FI ELD, AS |LLUSTRATED IN
FI GURE 2, |S BORDERED BY SURFACE WATER ON THREE Sl DES: WATSON CREEK TO THE NORTH AND EAST, AND THE GUNPONDER
R VER TO THE WEST. THE GUNPOADER RI VER MAY BE CONSI DERED PART OF THE CHESAPEAKE BAY ESTUARI NE SYSTEM

WATSON CREEK, BETTER DESCRI BED AS A POND, HAS A 2, 180- ACRE WATERSHED AND DI SCHARGES | NTO THE GUNPONDER RI VER
AT A MAN- VADE CULVERT. QLD O-FIELD IS SI TUATED ON A LOCAL TOPOGRAPHIC HGH WTH A 4 TO 6 FOOT RELI EF ACRCSS
THE FI ELD.

ACCESS TO THE SQUTHERN PART COF THE GUNPOADER NECK, | NCLUDING OLD O FIELD, 1S CONTROLLED BY WATSON CREEK ROAD,
VWH CH RUNS NORTH- SOUTH ALONG THE WEST SIDE OF THE FIELD. THE FIELD I S LOCATED WTHI N A SECURE SECTI ON OF THE
EDGEWOCD AREA WHERE ACCESS |'S RESTRI CTED AND ENTRY | S GRANTED ONLY AFTER CREDENTI ALS HAVE BEEN CHECKED BY A
SECURI TY GUARD. I N ADDI TI ON, THE AREA IS PATRCLLED ROUTI NELY BY GUARDS I N VEH CLES AND BOATS. THE FIELD IS



SURROUNDED BY A CHAI N- LI NK/ BARBEDW RE FENCE W TH HAZARDOUS WASTE AND TOXI C CHEM CAL AGENT WARNI NG SIGNS.  THE
SITE I S MOSTLY OVERGROM W TH SCRUB VECGETATI ON AND SMALL TREES, W TH SEVERAL PARTI ALLY CPEN DI SPCSAL PI TS
VI SIBLE WTH N THE FENCED AREA.

THE MAJORITY OF THE LAND SURRCUNDI NG OLD O FI ELD IS CURRENTLY BEI NG USED AS TESTI NG RANGES. TEST OPERATI ONS
SQUTH OF THE FI ELD | NCLUDE THOSE OF THE COMBAT SYSTEMS TEST ACTIVITY, (CSTA) WVHCH IS A MAJOR M SSION OF THE
US ARW TEST AND EVALUATI ON COWAND. W TH N ARMY PRCPERTY, 3.5 MLES NORTH OF THE FI ELD, IS THE | NDUSTRI AL
SECTOR OF EDGEWOCD AREA, WH CH | NCLUDES THE CHEM CAL RESEARCH, DEVELOPMENT AND ENG NEERI NG CENTER AS WELL AS
A NUMBER OF OFFI CE BU LDI NGS. EDGEWOCD AREA ALSO | NCLUDES A NUMBER CF TROOP BARRACKS AND AN ON- PCST FAM LY
HOUSI NG AREA CONTAI NI NG APPROXI MATELY 1700 RESI DENTS. THE TOM OF EDGEWOCD ( POPULATI ON APPROXI MATELY 20, 000)
IS LOCATED WTH N 5 M LES OF THE FI ELD. THE CLOSEST OFF- POST HOUSI NG DEVELOPMENT |'S LOCATED I N GRACES
QUARTERS WH CH | S APPROXI MATELY 2.5 M LES DUE WEST CF THE FI ELD ACRCSS THE GUNPONDER R VER

1.2 SITE H STORY AND ENFORCEMENT ACTI VI TI ES

DURI NG THE 1940S AND EARLY 1950S, 35 UNLINED PI TS AND TRENCHES WERE DUG WTH N OLD O FI ELD AND USED FOR THE
DI SPCSAL OF CHEM CAL- WARFARE ACGENTS (E. G, MJSTARD, LEW SITE, ADAWMBI TE, WH TE PHOSPHORUS), MJNI TI ONS,

CONTAM NATED EQUI PMENT, AND M SCELLANEQUS HAZARDQUS WASTE. THE NMAXI MUM DEPTH CF THE TRENCHES | S AT LEAST 12
FEET, AND ALMOST ALL OF THE TRENCHES ARE COVERED WTH SO L. THE PRESENCE OF CHEM CAL- AGENT WASTES,

MUNI TI ONS, AND OTHER HAZARDOUS MATERI ALS W TH N THE LANDFI LL HAS | MPACTED THE GROUNDWATER AT OLD O FI ELD AND
THE | NTERCONNECTI NG SURFACE WATER | N WATSON CREEK.

SEVERAL DECONTAM NATI ON AND CLEANUP OPERATI ONS HAVE BEEN PERFCRMVED AT OLD O FI ELD BEG NNI NG W TH SURFACE
SVEEPS AND DEM LI TARI ZATI ON EFFORTS I N 1949 AND CONTI NU NG THROUGH THE EARLY 1970S. THE MOST NOTABLE OF
THESE WAS A CLEANUP COPERATI ON CARRI ED QUT | N DECEMBER 1949 WH CH | NVOLVED APPLI CATI ON CF 1, 000 BARRELS CF
DECONTAM NATI NG AGENT NON- CORROSI VE (DANC) TO THE FI ELD I N AN ATTEMPT TO DETOXI FY MJUSTARD THAT HAD BEEN
SCATTERED OVER THE AREA BY SEVERAL SPONTANEQUS DETONATI ONS. DANC CONTAI NS 5 PERCENT

1, 3- DI CHLORO- 5, 5- DI METHYLHYDANTO N ( THE ACTI VE DECONTAM NATI NG AGENT) | N 95 PERCENT

1,1, 2, 2- TETRACHLOROETHANE. TETRACHLORCETHANE AND | TS DEGRADATI ON PRCDUCTS HAVE BEEN | DENTI FI ED AT ELEVATED
LEVELS | N GROUNDWATER AT OLD O FI ELD; THUS, | T APPEARS LIKELY THAT TH S EFFORT DI RECTED AT CHEM CAL- WARFARE
AGENT DECONTAM NATI ON ACTUALLY RESULTED | N GROUNDWATER CONTAM NATI ON W TH CHLORI NATED  HYDROCARBON
COVPOUNDS.

ANOTHER MAJOR CLEANUP EFFORT WAS UNDERTAKEN | N 1953 WHEN THE FI ELD WAS SOAKED W TH HUNDREDS OF GALLONS COF
FUEL O L, IGNITED, AND ALLOAED TO BURN FOR DAYS. LI ME (CALCI UM HYDROXI DE) WAS DI SPERSED ONTO SURRCUNDI NG
TREES THROUGH THE USE COF 2,4, 6- TRINI TROTCLUENE ( TNT) | N RESPONSE TO EXPLCSI ONS THAT SCATTERED MUSTARD
THROUGHOUT THE AREA AND | NTO WATSON CREEK AND THE GUNPOADER RI VER  OTHER DECONTAM NATI ON EFFCRTS | NVOLVED
THE USE OF SUPERTROPI CAL BLEACH (A CALCI UM HYPOCHLORI TE/ CALCI UM HYDROXI DE M XTURE), LIME, AND SCDI UM

HYDROXI DE TO DESTROY CHEM CAL AGENTS AT THE FI ELD. FOLLOWN NG TH S OPERATI ON, FURTHER DECONTAM NATI ON AND
CLEANUP EFFCRTS WERE LI M TED TO REMOVI NG AND SECURI NG ORDNANCE | TEM5 RECOVERED | N SURFACE SWEEPS CF THE

FI ELD;, THE LAST SURFACE SVEEP ACTIVITY WAS REPORTEDLY PERFORMED IN THE M D-1970S. NO DI SPOSAL OF MUNI TI ONS OR
HAZARDQUS WASTE APPEARS TO HAVE BEEN PERFCRVED AFTER 1953.

THE OLD O FI ELD SITE, LIKE MJCH OF THE GUNPOADER NECK AREA, WAS M XED FARMLAND AND WOCDLAND PRIOR TO I TS
PURCHASE BY THE US ARWY I N 1917 FOR THE FCRVATI ON OF EDGEWOOD ARSENAL. H STORI CAL AERI AL PHOTOGRAPHS

I NDI CATE SOVE CLEARED AREAS AT THE FI ELD I N 1929, BUT SHOW NO EVI DENCE CF DI SPCSAL ACTIVITIES. THE AERI AL
PHOTOGRAPHI C RECORD SUPPCRTS HI STCRI CAL DATA THAT SUGGEST THAT THE MAJCR PERI OD CF DI SPOSAL COPERATI ONS AT THE
FI ELD WAS 1941 TO 1952 W TH LI TTLE SUBSEQUENT ACTI VI TY.

THE EDGEWOOD AREA, | NCLUDING OLD O FI ELD, WAS LI STED ON THE NPL ON FEBRUARY 21, 1990. THE US ARW CONDUCTED
SEVERAL | NVESTI GATI ONS OF OLD O FI ELD | NCLUDI NG THE HGA, FFSS FOR GROUNDWATER REMEDI ATI ON AND SOURCE CONTRQL,

THE PRELI M NARY RI SK ASSESSMENT, AQUI FER PUMPI NG TESTS, AND GROUNDWATER TREATABI LI TY STUDI ES TO | DENTI FY THE

TYPES, QUANTITIES, AND LOCATI ONS OF CONTAM NANTS; AND TO DEVELCP AND EVALUATE METHCODS FCR ADDRESSI NG

CONTAM NATI ON PROBLEMS AT THE SITE. THESE STUDI ES HAVE PROVI DED THE FOLLOWN NG CHARACTERI ZATI ON DATA

REGARDI NG CHEM CAL CONTAM NATI ON AT OLD O Fl ELD:

* ON-SITE SO LS IN THE LANDFI LL AREA APPEAR TO BE



CONTAM NATED W TH UNKNOVWN AMOUNTS OF CHEM CAL- WARFARE
AGENTS, MJUNI TI ONS, DECONTAM NATI NG AGENTS, AND OTHER
HAZARDQUS SUBSTANCES;

* A PLUVE OF CONTAM NATED GROUNDWATER EXTENDS EAST/ NORTHEAST
FROM THE LANDFI LL TO WATSON CREEK IN TWD AQUI FERS ( THE
WATER- TABLE AQUI FER AND THE UPPER CONFI NED AQUI FER) ;

* THE CONTAM NATED GROUNDWATER PLUMVE CONTAI NS
CHEM CAL- WARFARE AGENT DEGRADATI ON PRODUCTS, | NCLUDI NG
THI ODI GLYCOL AND 1, 4- DI THI ANE ( DEGRADATI ON PRODUCTS OF
MUSTARD) ; VAR OUS METALS | NCLUDI NG ARSENI C, | RON,
ANTI MONY, AND ZI NC; CHLOR NATED ALI PHATI C HYDROCARBONS
I NCLUDI NG 1, 1, 2, 2- TETRACHLOROETHANE CHLORCFORM
TETRACHLOROETHYLENE, TRI CHLOROETHYLENE, VI NYL CHLORI DE,
AND METHYLENE CHLORI DE; AROVATI C AND NI TROAROMATI C
COVPOUNDS | NCLUDI NG BENZENE, CHLOROBENZENE, AND
NI TROBENZENE; ORGANOPHOSPHORUS COVPOUNDS, | NCLUDI NG
DI | SOPROPYLMETHYLPHOSPHONATE (DI MP), FROM THE DEGRADATI ON
OF NERVE AGENT COVPOUNDS (E. G, GB); AND (PCSSIBLY)
ORGANOARSENI C COVPOUNDS FROM DI SPOSAL OF ARSENI CALS (E. G ,
LEW S| TE AND ADAVSI TE); AND

* SURFACE WATER AND SEDI MENTS | N WATSON CREEK CONTAI N
ARSENI C, MERCURY, TRANSI TI ON METALS, CHLORI NATED ALI PHATI C
HYDROCARBONS, AROVATI C HYDROCARBONS, AND A VAR ETY OF
ORGANI C COMPQUNDS WH CH MAY BE RELATED TO ACTIVI TI ES AT
OLD O FI ELD.

SOVE OF THE CHLORI NATED ALI PHATI C HYDROCARBONS AND ARQOVATI C HYDROCARBONS ARE LI KELY PRESENT DUE TO

DECONTAM NATI ON EFFORTS AT THE SI TE WHI CH UTI LI ZED DANC AND FUEL O L, AS WELL AS FROM CHEM CAL AGENT M XTURES
THAT UTI LI ZED THESE COMPCUNDS (E. G, CNC, CNB). I N ADDI TI O\, THESE SUBSTANCES MAY BE PRESENT AS THE RESULT
OF CHEM CAL ANDY OR BI OLOG CAL DEGRADATI ON, AND FROM REACTI ONS BETWEEN WASTE COVPOUNDS AND  DECONTAM NATI NG
ACENTS.

BECAUSE OF THE ENVI RONVENTAL | MPACTS ASSCCI ATED WTH OLD O FI ELD I N CONJUNCTI ON W TH OTHER AREAS OF APG AN
| NTERAGCENCY AGREEMENT (THE AGREEMENT) WAS ESTABLI SHED I N MARCH, 1990, UNDER SECTI ON 120 OF CERCLA BETWEEN THE
US ENVI RONMENTAL PROTECTI ON AGENCY, REG ON I, AND THE US DEPARTMENT CF THE ARWY, ABERDEEN PROVI NG GROUND.
THE PURPCSE OF THE AGREEMENT WAS TO ESTABLI SH A PROCEDURAL FRAMEWORK AND SCHEDULE FOR DEVELGCPI NG

| MPLEMENTI NG AND MONI TCRI NG APPRCPRI ATE RESPONSE ACTI ONS AT APG SI TES | N ACCORDANCE W TH CERCLA, THE
RESOURCE CONSERVATI ON AND RECOVERY ACT (RCRA), THE NATI ONAL O L AND HAZARDOUS SUBSTANCES PCLLUTI ON

CONTI NGENCY PLAN (NCP), AND OTHER APPLI CABLE FEDERAL AND STATE REGULATIONS. | N TIAL HGA STUDIES OF OLD

O FI ELD WERE CONDUCTED AS A REQUI REMENT OF A RCRA CORRECTI VE ACTION PERM T | SSUED TO THE ARMY. PURSUANT TO
THE AGREEMENT, THE ARMY AGREED TO CONTI NUE THE STUDI ES | N ACCORDANCE W TH CERCLA. ALL PHASES OF REMEDI ATI ON
FOR OLD O FI ELD ARE COVERED UNDER THE AGREEMENT | NCLUDI NG | NVESTI GATI ON, DEVELOPMENT, SELECTI ON, AND

| MPLEMENTATI ON OF RESPONSE ACTI ONS.

1.3 SCOPE AND ROLE OF OPERABLE UNI T/ RESPONSE ACTI ON WTHI N SI TE STRATEGY

THE PROBLEMS AT THE OLD O FI ELD SI TE ARE TECHNOLOG CALLY COWPLEX. AS A RESULT, THE US ARW HAS DI VI DED THE
REMEDI ATI ON | NTO THREE MANAGEABLE COWVPONENTS CALLED "OPERABLE UNITS (QUS)." AN CPERABLE UNIT |'S DEFINED I N
THE NATI ONAL O L AND HAZARDOUS SUBSTANCES POLLUTI ON CONTI NGENCY PLAN, 40 CFR 300, (NCP) AS A DI SCRETE ACTI ON
THAT COVPRI SES AN | NCREMENTAL STEP TOMRDS COVPREHENSI VELY ADDRESSI NG SI TE PROBLEMS. THI S DI SCRETE PORTI ON
OF A REMEDI AL RESPONSE MANAGES M GRATI ON, OR ELI M NATES OR M Tl GATES A RELEASE, THREAT OF RELEASE, OR PATHWAY
OF EXPCSURE. THE QUS FOR OLD O FI ELD ARE AS FOLLOWE:

QLD O FI ELD QU ONE: CONTAM NATI ON OF THE GROUNDWATER AQUI FERS.



OLD O FI ELD QU TWO CONTAM NATI ON OF THE SO LS AND THE PRESENCE
OF CHEM CAL- WARFARE AGENTS AND MUNI TIONS IN
THE LANDFILL (1.E, THE SOURCE).

O.D O FI ELD QU THREE: CONTAM NATI ON OF WATSON CREEK.

TH S ROD ADDRESSES THE FI RST CPERABLE UNIT (OU ONE) WH CH DEALS W TH THE CONTAI NVENT COF CONTAM NATED
GROUNDWATER AT OLD O FI ELD. THE CONTAM NATED GRCUNDWATER DI SCHARGES DI RECTLY TO WATSON CREEK AND | NDI RECTLY,
VI A WATSON CREEK, TO THE GUNPOADER RIVER  BOTH WATSON CREEK AND THE GUNPOANDER RI VER ARE PART OF THE

SENSI Tl VE UPPER CHESAPEAKE BAY ESTUARI NE SYSTEM  THE CONTAM NATED GROUNDWATER POSES ENVI RONMENTAL ~ RI SKS TO
SENSI Tl VE AQUATI C AND TERRESTRI AL ECOSYSTEMS | N WATSON CREEK, THE GUNPOADER RI VER, AND THE SURRCUNDI NG
WETLANDS. THE PURPCSES OF THE QU ONE RESPONSE ACTI ON ARE TO CONTAI N THE GROUNDWATER CONTAM NATI ON TO PREVENT
FURTHER DI SCHARGE OF CONTAM NANTS | NTO WATSON CREEK AND M Tl GATE ASSOCI ATED ENVI RONMENTAL | MPACTS, AND TO
PROVI DE TREATMENT OF THE EXTRACTED GROUNDWATER PRI OR TO DI SCHARCE.

CONTAI NVENT OF THE CONTAM NATED GROUNDWATER HAS BEEN | DENTI FI ED AS AN | NTERI M ACTI ON FOR THE OLD O FI ELD
SITE. EXTRACTI ON OF THE GROUNDWATER FOR SUBSEQUENT TREATMENT WLL NOT CLEAN UP THE AQU FERS SI NCE THE SCQURCE
OF THE CONTAM NATION (QU TWD | S STILL PRESENT. ACCELERATED | NTERI M ACTI ON FOR THE GROUNDWATER (QU ONE) | S
REQUI RED TO PREVENT FURTHER DAVAGE TO WATSON CREEK (QU THREE).

THE US ARMY HAS NOT YET MADE ANY DECI SI ONS CONCERNI NG THE TYPES OF ACTI ONS WHI CH MAY BE TAKEN TO ADDRESS QUS
TWDO AND THREE. THE EXI STENCE OF DI SPCSED CHEM CAL- WARFARE AGENTS, MJNI TI ONS, AND OTHER HAZARDCOUS SUBSTANCES
IN THE LANDFILL IS A D FFI CULT PROBLEM TO ADDRESS AT TH S SI TE BECAUSE OF THE POTENTI AL FCR DI RECT CONTACT
W TH THE DI SPOSED MATERI ALS AND THE CONTI NUI NG CONTAM NATI ON OF THE SO L AND GROUNDWATER FROM THE SCURCE.
ACTI VE REMEDI ATI ON OF THE SOURCE IS LIKELY TO BE HI GHLY HAZARDQUS AND EXPENSI VE. POTENTI AL ALTERNATI VES

| DENTI FI ED FOR ACTI VE REMEDI ATI ON OF THE SOURCE AREA (QU TWD) THAT CAN PROVI DE SOURCE REMOVAL, | N-PLACE
DESTRUCTI ON, CR PERVANENT | SOLATI ON CREATE POTENTI ALLY SEVERE HEALTH- AND- SAFETY AND LOGQ STI CAL PROBLEMS, AND
ARE LI KELY TO REQUI RE EXTENSI VE RESEARCH AND DEVELOPMENT EFFORTS AS WELL AS VERY LONG TI ME PERI CDS FOR

| MPLEMENTATI ON.  THE ARMY W LL CONTI NUE TO EVALUATE NEW TECHNOLOG ES FCR REMEDI ATI NG THE SOURCE OF THE
CONTAM NATI ON, | NCLUDI NG THE PERFORVANCE OF A COWPREHENSI VE REMEDI AL | NVESTI GATI OV FEASI BI LI TY STUDY (RI/FS)
OF THE ENTI RE O FI ELD AREA.

1.4 COWUNI TY PARTI Cl PATI ON

THE PROPCSED PLAN FOR THE | NTERI M ACTI ON FOR QU ONE AT THE OLD O FI ELD SI TE WAS RELEASED TO THE PUBLIC I N
JULY, 1991. THE HGA, FFS, AQUI FER TESTI NG REPCRT, AND THE GROUNDWATER TREATABI LI TY STUDY REPORT ALSO WERE
MADE AVAI LABLE TO THE PUBLIC ON JULY 3, 1991, IN THE ADM NI STRATI VE RECCRD FI LE LOCATED AT THE ABERDEEN AND
EDGEWOCD BRANCHES OF THE HARFORD COUNTY LI BRARY. | N ADDI TION, A PUBLI C MEETI NG WAS HELD | N THE ABERDEEN
PROVI NG GROUND EDGEWOOD AREA CONFERENCE CENTER ON JULY 25, 1991. AT TH S MEETI NG REPRESENTATI VES CF US
ENVI RONMVENTAL PROTECTI ON AGENCY ( EPA), THE MARYLAND DEPARTMENT OF THE ENVI RONMENT (MDE), AND THE US ARW
ABERDEEN PROVI NG GROUND ( APG) DI SCUSSED W TH THE PUBLI C THE PREFERRED REMEDY, AS WELL AS ALL REMEDI AL
ALTERNATI VES UNDER CONSI DERATI ON. A PUBLI C COMVENT PERI D WAS HELD FROM JULY 3, 1991 THROUGH AUGUST 17,
1991.

A TRANSCRI PT OF THE PUBLI C MEETI NG I S PROVI DED I N THE RESPONSI VENESS SUMVARY (APPENDI X A) WH CH | S PART OF
TH S RECORD OF DECI SI ON, | NCLUDI NG AGENCY RESPONSES TO QUESTI ONS PCSED BY THE PUBLI C ATTENDEES. ADDI Tl ONAL
PUBLI C COMMENTS ARE ALSO ADDRESSED | N THE RESPONSI VENESS SUMVARY. TH S DECI SI ON DOCUMENT PRESENTS THE
SELECTED REMEDI AL ACTI ON FOR QU ONE FOR THE OLD O-FI ELD SI TE, AS DI SCUSSED | N THE PROPCSED PLAN, PUBLIC
MEETI NG AND RESPONSI VENESS SUMVARY.

#SC
2.0 SI TE CHARACTERI STI CS

TH' S SECTI ON PROVI DES AN OVERVI EW OF OLD O FI ELD CHARACTERI STI CS RELATED TO QU ONE | NCLUDI NG RELEVANT
HYDROGECLOG C DESCRI PTI ONS, A SUMVARY OF THE NATURE AND EXTENT OF GROUNDWATER AND SURFACE WATER

CONTAM NATI ON, POTENTI AL ROUTES OF CONTAM NANT M GRATI ON AND EXPCSURE, AND A SUMVARY OF HUMAN HEALTH AND
ECOLOG CAL RISKS. REMEDI AL ALTERNATI VES, PRESENTED | N SECTI ON 3.0, WERE DEVELOPED TO ADDRESS THE CONDI TlI ONS



AT OLD O Fl ELD DESCRI BED BELOW
2.1 HYDROGEQLOA C SETTI NG

THE HYDROGEQLOG C SETTI NG AT OLD O FI ELD OF RELEVANCE TO THI S | NTERI M ACTI ON CONSI STS OF A TWO- AQUI FER SYSTEM
(WATER- TABLE AND UPPER CONFI NED AQUI FERS), EACH APPROXI MATELY 10 TO 15 FEET THI CK, AND SEPARATED BY A THI N,
LATERALLY DI SCONTI NUOUS CLAY CONFI NI NG BED. THE HYDROGEOLOG CAL CROSS- SECTION |'S PROVIDED I N FI GURE 3 FOR
SECTION A-A" I DENTIFIED ON FIGURE 4. THE WATER- TABLE AQU FER LI ES 9-15 FEET BELOW THE GROUND SURFACE;

DURI NG THE RAI NY W NTER MONTHS, THE GRCUNDWATER LEVEL RI SES ABOVE THE BOTTOM OF THE DI SPOSAL TRENCHES, WH CH
HAVE BEEN EXCAVATED TO A DEPTH CF 12 FEET. THE PRESENCE OF CONTAM NATION | N THE UPPER CONFI NED AQUI FER

I NDI CATES THAT THE CONFI NI NG BED BETWEEN THE WATER- TABLE AQUI FER AND THE UPPER CONFI NED AQUI FER | S

DI SCONTI NUQUS BENEATH OLD O FI ELD, OR THE TRENCHES MAY HAVE BEEN EXCAVATED THROUGH THE CONFI NI NG BED. DEEPER
AQUI FERS THAT EXI ST AT THE SI TE ARE BELI EVED TO BE UNCONTAM NATED BASED ON CURRENT | NFORVATI ON.

THE WATER- TABLE AND UPPER CONFI NED AQUI FERS ARE RECHARGED BY GROUNDWATER FLOW NG FROM THE SOUTHERN PORTI ON OF
GUNPOADER NECK (E. G, H FIELD) AND BY VERTI CAL | NFI LTRATI ON OF PRECI PI TATION WTHI N THE OLD O Fl ELD AREA. A
GROUNDWATER DI VI DE | N BOTH AQUI FERS | S LOCATED APPROXI MATELY 300 FEET WEST OF OLD O Fl ELD, GROUNDWATER ALONG
THE WESTERN SIDE OF TH S DI VI DE DI SCHARGES TO THE GUNPOADER RI VER, WHEREAS GROUNDWATER ALONG THE EASTERN
PORTI ON OF THE DI VI DE FLOAS BENEATH THE OLD O FI ELD LANDFI LL AND DI SCHARGES TO WATSON CREEK. THUS, TH' S

DI VIDE I'S VERY | MPORTANT | N CONTRCLLI NG THE DI STRI BUTI ON OF GROUNDWATER CONTAM NATION AT THE SITE IN THAT IT
SEPARATES THE CONTAM NATED PLUME AREA | N BOTH THE WATER- TABLE AND UPPER- CONFI NED AQUI FERS FROM UNCONTAM NATED
GROUNDWATER FLOW NG NCRTHWARD TO DI SCHARGE | NTO THE GUNPONDER RI VER.  CGROUNDWATER FLOW I N THE AQUI FERS
BENEATH OLD O FI ELD 1S MADE ADDI TI ONALLY COWPLEX BECAUSE OF Tl DAL EFFECTS FROM THE GUNPONDER RI VER AND WATSON
CREEKS, | NCLUDI NG LAGE NG AND M SSI NG Tl DAL CYCLES | N WATSON CREEK, WH CH ARE CREATED BY THE CULVERT AT THE
CREEK MOUTH.

2.2 CONTAM NATI ON ASSESSMENT SUMVARY

CHEM CALS | DENTI FI ED I N THE GROUNDWATER AND | NTERCONNECTED SURFACE WATER ARE BASED ON THE UNI TED STATES
GEOLOG CAL SURVEY (USGS) HYDROLOG C FI ELD | NVESTI GATI ON (1988, 1989). DATA WERE COLLECTED FROM EXI STI NG
MONI TORI NG VELLS LOCATED AROUND THE FI ELD AS | LLUSTRATED I N FI GURE 4.

THE GROUNDWATER AT COLD O FI ELD CONTAI NS BOTH | NORGANI C AND CRGANI C CONTAM NANTS. | NORGANI C CONTAM NANTS

I NCLUDE ANTI MONY, ARSENI C, BORON, CALCIUM | RON, MAGNESI UM MNANGANESE, POTASSI UM SODI UM AND ZI NC. DOM NANT
ORGANI C CONTAM NANTS ARE: 1) CHLORI NATED ALI PHATI C HYDROCARBONS | NCLUDI NG 1, 1, 2, 2 TETRACHLORCETHANE,
CHLOROFORM  TETRACHLORCETHYLENE, TR CHLOROETHYLENE, VI NYL CHLORI DE, AND METHYLENE CHLORI DE; 2) ARCOVATI C AND
N TROARQVATI C COVPOUNDS | NCLUDI NG BENZENE, CHLORCBENZENE, AND NI TROBENZENE; AND 3) CHEM CAL- WARFARE AGENT
DEGRADATI ON PRCDUCTS WH CH CONTAI N SULFUR AND PHOSPHCORUS | NCLUDI NG TH CDI GLYCOL, 1,4-DI TH ANE, AND DIMP. A
COVPARI SON CF MVAXI MUM GROUNDWATER CONCENTRATI ONS DETECTED FOR SELECTED CHEM CALS W TH AMBI ENT WATER QUALI TY
CRITERI A (AWX) AND MAXI MUM CONTAM NANT LEVELS (MCLS) |'S PRESENTED I N TABLE 1.

MAJOR AREAS OF CONTAM NATI ON ARE NORTHEAST AND EAST OF OLD O FI ELD. NO Sl GNI FI CANT CONTAM NATI ON WAS FQUND
IN THE WELL ADJACENT TO THE DI SPOSAL PIT WEST OF OLD O FI ELD. THE ESTI MATED OVERALL GROUNDWATER CONTAM NANT
PLUMVE | S | LLUSTRATED I N FIGURE 5. BOTH THE WATER- TABLE AND UPPER CONFI NED AQUI FER CONTAI N GROUNDWATER
CONTAM NATI ON. I N GENERAL, THE HI GHEST CONCENTRATI ONS ARE MEASURED | N THE WATER- TABLE AQUI FER, ALTHOUGH

H GHER CONCENTRATI ONS OF BORON AND 1, 1, 2, 2- TETRACHLORCETHANE ARE PRESENT | N THE UPPER CONFI NED AQUI FER THAN
IN THE WATER- TABLE AQUI FER

THE SURFACE WATER OF WATSON CREEK CONTAI NS DI SSCLVED CONSTI TUENTS | NCLUDI NG ARSENI C, MERCURY, TRANSI Tl ON
METALS, CHLCRI NATED ALI PHATI C HYDROCARBONS, AND AROVATI C HYDROCARBONS WH CH MAY BE RELATED TO ACTIVI TI ES AT
OLD O FIELD. A COWPARI SON OF MAXI MUM CONCENTRATI ONS FOR SELECTED CHEM CALS DETECTED | N SURFACE WATER W TH
AWX AND MCLS | S PRESENTED I N TABLE 2. THE BOTTOM SEDI MENTS | N WATSON CREEK CONTAI N ARSENI C, MERCURY,

TRANSI TI ON METALS, PCLYNUCLEAR AROVATI C HYDROCARBONS, PHTHALATES, AND OTHER ORGANI C COMPCUNDS. A COVPARI SON
OF MAXI MUM CONCENTRATI ONS FOR SELECTED CHEM CALS DETECTED | N BOTTOM SEDI MENTS W TH AWQC AND MCLS | S PRESENTED
I'N TABLE 3.

2.3 RI SK ASSESSMENT SUMVARY



THERE 1S A LI M TED DATA SET AVAI LABLE FOR USE | N DETERM NI NG RI SKS POSED BY QU ONE, RESULTI NG | N CONSI DERABLE
UNCERTAI NTI ES | N COVPUTED HUMAN HEALTH RI SKS. HOWEVER A PRELI M NARY Rl SK ASSESSMENT WAS PERFORVED FOR OLD
O FI ELD DURI NG 1990 FOR THE PURPOSE OF ESTI MATI NG HUMAN HEALTH ANDY OR ENVI RONVENTAL PROBLEMS THAT COULD
RESULT | F REMEDI ATI ON WERE NOT PERFCRMVED. THI'S ANALYSI S WAS CONDUCTED | N CONFORVANCE W TH CURRENT EPA

GUI DANCE REGARDI NG RI SK ASSESSMENTS FOR CERCLA SI TES USI NG EXI STI NG DATA ON CHEM CAL CONDI TI ONS, AND
GROUNDVATER AND SURFACE WATER HYDROLOGY AT THE SI TE GATHERED DURI NG THE HGA AND OTHER STUDIES. THE
ASSESSMENT | NCLUDED A PRELI M NARY HUVAN HEALTH EVALUATI ON AS WELL AS A DETAI LED ECOLOG CAL ASSESSMENT TO
DETERM NE POTENTI AL | MPACTS TO AQUATI C AND TERRESTRI AL SPECI ES | N WATSON CREEK AND NEARBY WETLANDS. THI S
SUMMARY DI SCUSSES ONLY THOSE RI SKS ASSOCI ATED W TH QU ONE (1. E., CONTAM NATED GROUNDWATER AND | NTERCONNECTED
SURFACE WATER) .

THE USGS HYDROGECLOQ C FI ELD | NVESTI GATI ON (1988, 1989) WAS THE PRI MARY SOURCE OF SAMPLI NG DATA CONSI DERED | N
THE PRELI M NARY RI SK ASSESSMENT. SAMPLI NG DATA WERE AVAI LABLE FOR SUBSURFACE SO L, GROUNDWATER, SURFACE
WATER, AND SEDI MENT FOR THE OLD O-FI ELD SITE. CHEM CAL ANALYSES WERE LI M TED PRI MARI LY TO VCLATI LE,

SEM VOLATI LE, AND | NORGANI C CHEM CAL ANALYSES, ALTHOUGH SELECTED GROUNDWATER SAMPLES WERE ANALYZED FCOR

ACENT- AND EXPLCSI VE- RELATED COVPQUNDS, HERBI Cl DES, AND RADI ONUCLI DES. BASED ON SAMPLI NG RESULTS, VCOLATILE
ORGANI C CHEM CALS AND | NORGANI C CHEM CALS (PRI NCI PALLY METALS) ARE THE PRI MARY CHEM CALS OF CONCERN | N
GROUNDWATER AND SURFACE WATER, WHEREAS PCLYNUCLEAR AROVATI C HYDROCARBONS, PHTHALATES, AND METALS ARE THE

PRI NCI PAL CHEM CALS OF CONCERN I N SEDI MENT. ALSO, AGENT DEGRADATI ON PRCDUCTS AND EXPLOSI VE- RELATED COVPOUNDS
ARE OF CONCERN | N GROUNDWATER WHI CH WAS THE ONLY MEDI UM SAMPLED FCR THESE COMPOUNDS.

2.3.1 HUVMAN HEALTH R SK ASSESSMENT SUMVARY

NO HUVAN RECEPTORS ARE BEI NG EXPOSED DI RECTLY TO GROUNDWATER AT THI S QU UNDER CURRENT CONDI TI ONS; RATHER, THE
GROUNDWATER ACTS AS A TRANSPORT MEDI UM FOR CONTAM NATI ON FROM QU ONE TO QU THREE. ADDI TI ONALLY, THE ARW
BELIEVES I T I'S NOT PRACTI CAL TO ESTI MATE HUMAN HEALTH RI SKS QUANTI TATI VELY FOR A FUTURE- USE SCENARI O, BECAUSE
OF THE EXI STI NG | NSTI TUTI ONAL CONTROLS AND NO APPARENT FUTURE USES OF THE SHALLOW GROUNDWATER DUE TO ELEVATED
LEVELS OF NATURAL CONSTI TUENTS SUCH AS | RON AND CHLORI DES. THEREFCRE, THE PRELI M NARY Rl SK ASSESSMENT
FOCUSED ON DETERM NI NG THE HUVAN HEALTH RI SKS POSED BY DI SCHARGE OF CONTAM NATED GROUNDWATER | NTO WATSCON
CREEK.

ACCESS TO OLD O-FIELD IS HEAVILY RESTRI CTED. THE ONLY CURRENT LAND USE CF OLD O FI ELD I S COWRI SED CF

ENVI RONMVENTAL SAVPLI NG AND APG WORKERS DRI VI NG PAST OLD O FI ELD SEVERAL TI MES A DAY TO CGET TO THEI R WORK
AREAS. FUTURE LAND USE IS NOT LIKELY TO CHANGE FROM CURRENT LAND USE. THE PRI MARY PATHWAYS BY VWH CH HUVAN
POPULATI ONS COULD BE EXPCSED TO CONTAM NATED GROUNDWATER UNDER CURRENT LAND- USE CONDI TI ONS ARE CHRONI C
EXPOSURE VI A | NHALATI ON OF CHEM CALS THAT HAVE VOLATI LI ZED FROM WATSON CREEK, AND DERVAL CONTACT AND

I NCI DENTAL | NGESTI ON OF CHEM CALS DI SCHARGED FROM QU ONE | NTO SURFACE WATER AND MADE AVAI LABLE THRCOUGH
RECREATI ONAL USES OF THE GUNPOADER RI VER ASSCCI ATED W TH THE GROUNDWATER QU. BASED ON THE PRELI M NARY DATA
AVAI LABLE, NO OTHER POTENTI AL PATHWAYS ARE LI KELY TO RESULT I N SI GNI FI CANT EXPCSURE UNDER CURRENT  LAND- USE
CONDI TI ONS CR FOR ANY FORESEEABLE FUTURE USES. POTENTI AL HUVAN EXPOSURE PATHWAYS UNDER FUTURE LAND- USE
CONDI TI ONS ARE THE SAME AS THOSE NOTED FOR CURRENT LAND USE. | NGESTI ON OF FI SH WAS NOT CONSI DERED AS AN
EXPOSURE PATHWAY BECAUSE I T | S EXPECTED TO BE LESS SI GNI FI CANT THAN THE WORST- CASE DI RECT EXPOSURE OF HUMANS
TO THE SURFACE WATERS, AND BECAUSE AVAI LABLE DATA ARE NOT SUFFI CI ENT TO EVALUATE FOOD- CHAI N EXPOSURE

POTENTI AL.

EXPOSURE PATHWAYS UNDER CURRENT LAND- USE CONDI TI ONS WERE EVALUATED QUANTI TATI VELY, AND THOSE UNDER FUTURE
LAND- USE CONDI TI ONS WERE EVALUATED QUALI TATI VELY. CHRONI C | NHALATI ON EXPOSURES UNDER CURRENT LAND- USE
CONDI TI ONS WERE EVALUATED FOR S| TE WORKERS AT NEARBY WORK AREAS.  TWD EXPCSURE ESTI MATES WERE GENERATED FOR
THESE RECEPTORS BASED ON HI GH AND LOW ESTI MATES CF VOLATI LE EM SSI ONS FROM WATSON CREEK SURFACE WATER
SURFACE WATER EXPOSURES WERE EVALUATED FOR RECREATI ONAL USERS OF THE GUNPOADER RI VER.  THE ESTI MATED HUVAN
HEALTH RI SKS ASSOCI ATED W TH THESE PATHWAYS ARE AS FOLLOWE:

CURRENT LAND USE:
FOR SI TE WORKERS, THE UPPER- BOUND EXCESS LI FETI ME CANCER RI SK RANGES FROM 4 X (10-8) TO 3 X (10-7) FROM

EXPOSURES TO VOLATI LE EM SSI ONS FROM WATSON CREEK. THE RI SK ESTI MATES ARE BELOW THE 1 X (10-6) RI SK LEVEL
OFTEN USED BY REGULATCRY AGENCI ES TO DETERM NE THE NEED FOR REMEDI ATION AT A SITE. FOR ALL RECEPTCRS, THE



HAZARD | NDEX | S LESS THAN ONE, | NDI CATI NG THAT | NHALATI ON EXPOSURES EVALUATED ARE UNLI KELY TO BE ASSCClI ATED
W TH NONCARCI NOGENI C HEALTH EFFECTS.

PERSONS SWMM NG | N THE GUNPOADER RI VER NEAR OLD O FI ELD ARE NOT LI KELY TO EXPERI ENCE SI GNI FI CANT HEALTH
RI SKS DUE TO THE LOW CONCENTRATI ONS OF THE CHEM CALS RELATI VE TO TOXI C CONCENTRATI ONS. HOMEVER, UNDER THE
| MPLAUSI BLE ASSUMPTI ON CF A PERSON SW MM NG I N THE GUNPOADER RI VER NEAR OLD O FI ELD EVERY DAY FOR 70 YEARS
AND BElI NG CONTI NUOUSLY EXPOSED TO THE MAXI MUM DETECTED CONCENTRATIONS I N THE RI VER, THE EXCESS LI FETI ME
CANCER RI SK WOULD BE IN THE RANGE OF 4 X (10-6).

FUTURE LAND USE:

I'F ALL I NSTI TUTI ONAL CONTROLS WERE RELAXED, THERE | S THE PGCSSI BI LI TY THAT SI TE WORKERS COULD BE MCORE

I NTI MATELY EXPCSED TO MATERI ALS VCOLATI LI ZED FROM WATSON CREEK.  POTENTI AL RI SKS TO WORKERS AT OLD O FI ELD
EXPCSED VI A | NHALATI ON TO VOLATI LE CHEM CALS ARE LI KELY TO BE GREATER THAN THOSE ASSCCI ATED W TH CURRENT- USE
EXPOSURES. THE RI SKS FCR TH S PATHWAY PROBABLY COULD BE | NCREASED AN ORDER OF MAGNI TUDE ABOVE

THOSE ESTI MATED FOR CURRENT- USE S| TE WORKERS, 4 VEN THAT WORKERS AT OLD O FI ELD WOULD BE CLCSER TO THE

EM SSI ON SCURCE AND COULD BE EXPOSED MORE FREQUENTLY. THUS, EXCESS LI FETI ME CANCER RI SKS I N THE RANGE CF
(10-7) TO (10-6) WOULD BE PCSSI BLE. HAZARD | NDI CES LI KELY WOULD REVAI N BELOWN ONE, BUT POTENTI ALLY

SI GNI FI CANT RI SKS WOULD BE PGOSSI BLE FOR NON- CARCI NOGENS.

2.3.2 ECOLOG CAL ASSESSMENT SUMVARY

QU ONE HAS BEEN SHOMN TO AFFECT THE SURFACE WATER QUALITY I N WATSON CREEK AND THE GUNPONDER RI VER, VH CH ARE
LOCATED W THI N THE ENVI RONVENTALLY- SENSI TI VE UPPER CHESAPEAKE BAY SYSTEM O FI ELD HAS NOT BEEN DECLARED A
CRI TI CAL HABI TAT FOR THE BALD EAGLE (AN ENDANGERED SPECI ES), BUT MOST OF THE SHORELI NE |'S USED BY THE LARGE
BALD EAGLE PCPULATI ON ON APG AS A POTENTI AL FORAG NG AND FEEDI NG AREA. THEI R PRESENCE ON APG CONSTI TUTES A
VALUABLE RESOURCE AND THE SUPPORTI NG HABI TAT IS | MPORTANT. | N ADDI TI ON, ENDANGERED SPECI ES ARE KNOMW TO
FREQUENT THE AREA. THEREFORE, POTENTI AL ECOLOG CAL | MPACTS WERE CONSI DERED TO BE PARTI CULARLY | MPORTANT AND
WERE EVALUATED FOR AQUATI C AND TERRESTRIAL WLDLI FE AT OLD O FI ELD. AQUATI C LI FE EXPOSURES WERE EVALUATED FOR
CHEM CALS | N SURFACE WATER AND SEDI MENT | N WATSON CREEK AND THE GUNPOADER RI VER. I N ADDI TI ON, EXPOSURES WERE
EVALUATED FOR BENTHI C SPECI ES LI VI NG I N THE GROUNDWATER DI SCHARGE ZONE | N WATSON CREEK. TERRESTRI AL W LDLI FE
EXPOSURES WERE EVALUATED FOR HERON (A PI SCI VORE), SANDPI PERS (AN AQUATI C | NSECTI VORE), AND MJSKRAT ( AQUATI C
HERBI VORE) FEEDI NG | N WATSON CREEK AND EXPOSED TO CHEM CALS THAT HAVE ACCUMULATED I N FOOD. THE RESULTS OF
THE ECOLOA CAL ASSESSMENT ARE AS FOLLOWE:

AQUATI C LI FE | MPACTS:
* SURFACE WATER EXPCSURES.

AQUATI C LI FE I N WATSON CREEK AND THE GUNPONDER RI VER ARE PROBABLY BEI NG | MPACTED BY SURFACE WATER CHEM CAL
CONTAM NANTS ASSCCI ATED WTH OLD O FI ELD. | MPACTS | N WATSON CREEK ARE LI KELY MORE SEVERE THAN THOSE IN THE
GUNPONDER RI VER, G VEN THE GREATER NUMBER OF CHEM CALS PRESENT AT H GHER CONCENTRATI ONS | N THE CREEK. ALSO,
THE MORE CLOSED NATURE OF WATSON CREEK RELATI VE TO THE GUNPOADER Rl VER PROBABLY MAKES | T MORE SUSCEPTI BLE TO
I MPACTS THAN THE R VER | MPACTS ASSCOCI ATED W TH ORGANI C CONTAM NANTS | N WATSON CREEK ARE PROBABLY LOCALI ZED
TO THE AREA OF GROUNDWATER DI SCHARGE, WHI CH LI KELY HAS THE H GHEST CONCENTRATI ONS CF  VOLATI LE ORGANI C
CHEM CALS BElI NG RELEASED TO SURFACE WATER. PREDI CTED | MPACTS ON BENTH C SPECI ES LIVING WTH N TH S AREA VERE
GREATER THAN THOSE PREDI CTED FCR SPECI ES LI VING WTH N THE WATER COLUMN. | MPACTS  ASSCCI ATED W TH | NORGANI C
CONTAM NANTS ARE PROBABLY MORE W DESPREAD, G VEN THE RELATI VELY EVEN DI STRI BUTI ON OF THESE CHEM CALS
THROUGHOUT THE CREEK. FURTHER STUDI ES OF SURFACE WATER EXPCSURES ARE PLANNED, AND WLL BE DI SCUSSED | N THE
FI NAL RCD.

* SEDI MENT EXPOSURES.

CHEM CAL CONCENTRATI ONS | N WATSON CREEK AND THE GUNPOADER RI VER SEDI MENTS ARE BELOW THOSE PREDI CTED TO BE
HARMFUL TO AQUATI C LI FE, SUGGESTI NG THAT AQUATI C LI FE | MPACTS FROM EXPCSURE TO CHEM CALS | N SEDI MENT ARE NOT
LI KELY. HONEVER, THE SEDI MENT TOXI G TY VALUES PREDI CTED TO BE HARMFUL WERE DERI VED FROM A VERY LI M TED

TOXI G TY DATABASE AND, THEREFCRE, MAY NOT NECESSARI LY REFLECT CONDI TI ONS WH CH ARE PROTECTI VE CF AQUATI C



LI FE. FURTHER STUDI ES OF SEDI MENT EXPOSURES ARE PLANNED, AND WLL BE DI SCUSSED | N THE FI NAL RCD.
TERRESTRI AL W LDLI FE | MPACTS:
* W LDLI FE EXPCSURES.

W LDLI FE FEEDI NG | N WATSON CREEK CCQULD BE | MPACTED BY EXPCSURE TO HEAVY METALS I N THEIR FOOD.  SANDPI PERS AND
OTHER SHORE BI RDS FEEDI NG ON AQUATI C | NSECTS AND PRCBABLY BENTHI C ORGANI SMS ARE POTENTI ALLY AT GREATEST RI SK
OF | MPACT AS NVANY OF THE | NORGANI C CHEM CALS PRESENT | N WATSON CREEK CAN BI QACCUMULATE SI GNI FI CANTLY I N
AQUATI C | NVERTEBRATES. PI SCI VORQUS BI RD SPECI ES, MJCH AS HERON, EAGLES, AND OSPREY DO NOT APPEAR TO BE AT

RI SK BECAUSE MOST OF THE METALS PRESENT ACCUMULATE TO A LESSER DEGREE IN FI SH THAN I N | NVERTEBRATES.

FURTHER, HERQON, EAGLES, AND OSPREY ARE MUCH LESS SUSCEPTI BLE THAN SANDPI PERS AND OTHER SNMVALL SHORE BIRDS TO
I MPACT FROM OLD O FI ELD BECAUSE THEI R FEEDI NG RANGE | S SO LARGE, THAT FI SH I N WATSON CREEK ONLY CONSTI TUTE A
SMALL PORTION OF THEIR DI ET. HERBI VOROUS SPECI ES SUCH AS MUSKRAT APPEAR TO BE AT RI SK FROM DI ETARY
EXPOSURES, EVEN THOUGH FEW CHEM CALS | N WATSON CREEK ARE LI KELY TO ACCUMULATE | N AQUATI C PLANTS, BECAUSE THE
CHEM CALS THAT COULD ACCUMJLATE COULD BE TOXI C AT RELATI VELY LOW DI ETARY CONCENTRATI ONS. FURTHER STUDI ES OF
W LDLI FE EXPOSURE ARE PLANNED, AND WLL BE DI SCUSSED | N THE FI NAL RCD.

2.3.3 CONCLUSI ONS OF THE R SK ASSESSMENT

PAST ACTIVITIES AT OLD O FI ELD HAVE RESULTED I N SI GNI FI CANT CONTAM NATI ON OF GROUNDWATER, SURFACE WATER, AND
SEDI MENT | N THE AREA. UNDER CURRENT LAND- USE CONDI TI ONS, ECOLOG CAL PCPULATI ONS ARE THE PRI NCI PAL RECEPTORS
OF CONCERN. FEW HUMAN HEALTH EXPOSURE PATHWAYS TO CONTAM NATED GROUNDWATER EXI ST UNDER CURRENT LAND- USE
CONDI TI ONS.

IT IS POSSI BLE THAT THE AQUATI C LI FE I N WATSON CREEK AND THE GUNPOADER RI VER AND TERRESTRI AL W LDLI FE FEEDI NG
I N WATSON CREEK ARE BEI NG ADVERSELY AFFECTED BY CHEM CAL CONTAM NATI ON ASSOCI ATED WTH OLD O FI ELD. ACUTE
AND CHRONIC TOXICI TY IN OLD O FI ELD SURFACE WATERS PROBABLY HAS AFFECTED THE COVPCSI TI ON AND STRUCTURE OF THE
AQUATI C COVMMUNI TI ES | N WATSON CREEK AND PGSSI BLY THE GUNPOADER RI VER NEAR OLD O FI ELD. LOCALI ZED REDUCTI ONS
I N SPECI ES DI VERSI TY AND NUMBER FOR RESI DENT AQUATI C LI FE (PARTI CULARLY | N WATSON CREEK) ARE PCSSI BLE, AS ARE
I MPACTS | N NONRESI DENT SPECI ES THAT USE THE AREA AS A NURSERY AREA (E. G, BLUEBACK HERRI NG BAY ANCHOVY,
MENHADEN) .  CONTAM NATI ON COULD ALSO RESULT | N LOCALI ZED REDUCTI ONS | N POPULATI ON SI ZE AND CONTRI BUTE TO
CUMULATI VE | MPACTS ASSCCI ATED W TH APG AS A WHCLE.

W LDLI FE FEEDI NG | N WATSON CREEK APPEAR TO BE AT RI SK FROM EXPOSURE TO HEAVY METALS IN THE DI ET. DI ETARY
EXPOSURES TO HEAVY METALS CAN I NDUCE A VAR ETY OF TOXI C EFFECTS IN WLDLI FE | NCLUDI NG DECREASED REPRCDUCTI VE
SUCCESS, DECREASED GROAMTH, AND ABNORVAL BEHAVI R SUCH EFFECTS COULD DI RECTLY AFFECT THE HEALTH OF W LDLI FE
POPULATI ONS | N AND AROUND WATSON CREEK.  SUCH LOCALI ZED EFFECTS ARE UNLI KELY TO AFFECT THE W LDLI FE

POPULATI ON OF APG AS A WHOLE. NEVERTHELESS, THE PRESENCE OF HEAVY METALS | N WATSON CREEK APPEARS TO HAVE
REDUCED THE VALUE OF THAT AREA AS WLDLI FE HABI TAT. FURTHER, | MPACTS IN SPECIES IN THE OLD O FI ELD AREA
COULD CONTRI BUTE TO CUMULATI VE | MPACTS ASSCCI ATED W TH APG AS A WHCLE.

THESE ESTI MATES OF RI SK, HOMEVER, ARE NOT DEFINITE AT THIS TIME. THERE | S A GREAT DEAL CF UNCERTAI NTY

ASSCOCI ATED W TH ALL RI SK ESTI MATES FCR THE OLD O FI ELD STUDY AREA BECAUSE OF LI M TATI ONS ASSCCI ATED W TH THE
AVAI LABLE SAMPLI NG DATA AND LI M TATI ONS | NHERENT TO THE RI SK ASSESSMENT PROCESS.  ADDI TI ONAL | NVESTI GATION | S
NEEDED TO ASSESS MORE DEFI NI Tl VELY EXI STI NG OR POTENTI AL | MPACTS ASSCCI ATED WTH THE OLD O FI ELD STUDY AREA.

THE CONCLUSI ONS OF THE PRELI M NARY RI SK ASSESSMENT ARE THAT: (1) THERE ARE NO S| GNI FI CANT HUVAN HEALTH Rl SKS
ASSOCI ATED W TH GROUNDWATER OR | NTERCONNECTED SURFACE WATER AT OLD O FI ELD | F CURRENT LAND- USE  RESTRI CTI ONS
REMAI N I N PLACE; AND 2) THERE |'S A POTENTI AL FOR ECOLOG CAL RI SKS, ALTHOUGH THEY CANNOT BE QUANTI FI ED G VEN
EXI STING DATA. AN | NTERI M ACTI ON FOR THE GROUNDWATER AT OLD O FI ELD |'S BEI NG PURSUED FOR SEVERAL REASONS:
(1) SEVERAL CONTAM NANTS HAVE BEEN DETECTED | N THE SURFACE WATER | N WATSON CREEK ABOVE WHI CH ( TABLE 2); (2)
THE CONTAM NATED GROUNDWATER FROM QLD O FI ELD |'S KNOWN TO DI SCHARGE TO WATSON CREEK; AND (3) CONTAI NVENT OF
THE CONTAM NATED GROUNDWATER WH LE | NVESTI GATI NG ALTERNATI VES FOR ADDRESSI NG THE SOURCE OF THE OONTAM NATI ON
W LL PREVENT FURTHER DEGRADATI ON OF WATSON CREEK AND M Tl GATE FUTURE | MPACTS.

SI NCE THESE AQUI FERS ARE KNOWN TO DI SCHARGE | NTO THE SURFACE WATERS OF WATSON CREEK, | F THE PRESENT SI TUATI ON



GOES UNABATED, THE CONTI NUED CONTAM NATI ON OF SURFACE WATER AND SEDI MENTS MAY PRESENT AN | MM NENT AND
SUBSTANTI AL ENDANGERVENT TO PUBLI C WELFARE, OR THE ENVI RONVENT.  THI'S FI NDI NG OF | MM NENT AND SUBSTANTI AL
ENDANGERMVENT AND THE REMEDY SELECTED HEREI N ARE NOT BASED ON ANY PRESENTLY OBSERVED THREAT TO PUBLI C HEALTH
AT OR FROM THE SI TE.

#DRA
3. 0 DESCRI PTI ON OF REMEDI AL ALTERNATI VES

GROUNDWATER EXTRACTI OV DI SCHARGE AND TREATMENT ALTERNATI VES WERE DEVELOPED FOR QU ONE TO SATI SFY THE
FOLLOW NG REMEDI ATI ON OBJECTI VES:

* PROVI DE CONTAI NVENT OF CONTAM NATED ZONES | N THE WATER
TABLE AND UPPER CONFI NED AQUI FERS AT QLD O FI ELD;

* M N M ZE ENVI RONVENTAL RI SKS TO SENSI TI VE AQUATI C AND
TERRESTRI AL ECOSYSTEMS | N WATSON CREEK, THE GUNPOADER
Rl VER, AND THE SURROUNDI NG WETLANDS BY REDUCI NG OR
ELI M NATI NG DI SCHARGE OF CONTAM NATED GROUNDWATER TO THESE
AREAS; AND

* CONTROL POTENTI AL HUVAN HEALTH RI SKS ASSOCI ATED W TH
GROUNDWATER, SURFACE WATER, AND FOOD- CHAI N EXPCSURES THAT
COULD RESULT FROM CONTI NUED CONTAM NANT M GRATION I'N
GROUNDWATER AT COLD O FI ELD.

THESE OBJECTI VES ARE BASED ON THE NATURE AND EXTENT OF CHEM CALLY AFFECTED GROUNDWATER AND | TS ASSOCI ATED
RI SKS AS DI SCUSSED | N SECTIONS 2.2 AND 2. 3.

IN THE FFS, REMEDI AL TECHNOLOG ES W TH POTENTI AL APPLI CATI ON TO OLD O FlI ELD GROUNDWATER | NI TI ALLY VERE

| DENTI FI ED AND SCREENED BASED ON EFFECTI VENESS, | MPLEMENTABI LI TY, AND RELATI VE COST. TABLE 4 PRESENTS THOSE
TECHNOLOG ES CONSI DERED ALONG W TH THE RESULTS OF THE I NI TI AL SCREENI NG PROCESS. | NDI VI DUAL TECHNOLOGQ ES
RETAI NED WERE THEN COVBI NED TO FORVA SERI ES OF EXTRACTI OV DI SCHARGE ALTERNATI VES, AND A SEPARATE SERI ES OF
TREATMENT ALTERNATI VES. BECAUSE 14 GROUNDWATER EXTRACTI OV DI SCHARGE ALTERNATI VES | NI TI ALLY WERE | DENTI FI ED
FROM THE REMAI NI NG TECHNOLOG ES, AN I NI TI AL SCREENI NG OF THESE ALTERNATI VES WAS  PERFORVED AGAI N BASED ON
EFFECTI VENESS, COSTS, AND | MPLEMENTABI LI TY. A SECOND SCREENI NG OF THOSE ALTERNATI VES REMAI NI NG AFTER THE

I NI TI AL SCREENI NG WAS THEN PERFORMED USI NG GROUNDWATER MODELI NG TO ESTI MATE PERFORMANCE.  FOUR

EXTRACTI OV DI SCHARGE ALTERNATI VES REVAI NED FOLLOWN NG THE TWD- STEP SCREENI NG PROCESS WHI CH | S SUMVARI ZED | N
TABLES 5 AND 6. TREATMENT ALTERNATI VES WERE NOT SCREENED AS ONLY S| X ALTERNATI VES WERE | DENTI FI ED FROM
REMEDI AL TECHNOLOG ES.

TH S SECTI ON PRESENTS THE FOUR GROUNDWATER EXTRACTI OV DI SCHARGE AND S| X GROUNDWATER TREATMENT ALTERNATI VES
REMAI NI NG FOLLON NG | NI TI AL SCREENI NG PERFCRMED | N THE FFS.  NOTE THAT ALL COST AND | MPLEMENTATI ON TI MES
PRESENTED ARE ESTI MATED. THE ALTERNATI VES DESCRI BED HEREI N ARE COVPARED AGAI NST DETAI LED EVALUATI ON CRI TER A
IN SECTION 4.0 I N ORDER TO SELECT A PREFERRED REMEDY FOR OLD O FI ELD GROUNDWATER. A DI SCUSSI ON CF CLEANUP
CRITERI A | S PRESENTED AS A NECESSARY PRELUDE TO THE REMEDI AL ALTERNATI VE DI SCUSSI ON.

3.1 CLEANUP CRITERI A

AS PREVI QUSLY NOTED, EXI STI NG DATA FOR GROUNDWATER ( TABLE 1), SURFACE WATER (TABLE 2), AND SEDI MENT ( TABLE 3)
AT OLD O FI ELD ARE SUFFI CI ENT TO | NDI CATE AQUATI C LI FE I N WATSON CREEK MAY BE | MPACTED BY CHEM CAL

CONTAM NATI ON M GRATI NG | N GROUNDWATER FROM THE LANDFI LL AREA. HOWNEVER, THESE DATA DO NOT PROVI DE A
COVPREHENSI VE BASI S FOR ESTABLI SHI NG CHEM CAL- SPECI FI C TARGET CLEANUP GOALS BECAUSE COF: (1) THE COWPLEX,

MULTI MEDI A EXPCSURE PATHWAYS FOR THE SI TE; (2) | NSUFFI CI ENT ECOTOXI COLOGd CAL DATA ON MANY OF THE CHEM CALS OF
POTENTI AL CONCERN (E. G, TH ODI GLYCOL); AND (3) THE NEED FOR ADDI Tl ONAL SURFACE WATER, SEDI MENT, AND

Bl OLOG CAL DATA FOR WATSON CREEK.

MAXI MUM CONTAM NANT LEVELS (MCLS) PROMULGATED BY THE SAFE DRI NKI NG WATER ACT AND AWQCS FOR THE PROTECTI ON OF



AQUATI C LI FE PROMULGATED PURSUANT TO THE CLEAN WATER ACT COULD BE CONSI DERED RELEVANT AND APPRCPRI ATE

REQUI REMENTS FOR WATSON CREEK AND THE GUNPOADER RI VER.  THESE ARE PRESENTED FOR THE CONTAM NANTS CF CONCERN
AT THE SITE IN TABLE 7. MCLS ARE BASED ON HEALTH EFFECTS ASSCCI ATED W TH THE CHEM CAL AND THE TECHN CAL
CAPABI LI TI ES AVAI LABLE TO DETECT AND TREAT THAT CHEM CAL. AWQCS ARE RI SK- BASED STANDARDS ESTABLI SHED FOR THE
PROTECTI ON OF AQUATI C ORGANI SM5 AS WELL AS HUVAN HEALTH. AWQCS ARE BASED ON EXPCSURES RELATED TO DI RECT
CONTACT, | NGESTI ON OF CONTAM NATED WATER, AND | NGESTI ON OF CONTAM NATED ORGANI SM5 (1. E., FOOD- CHAI N
EXPOSURES). MCLS MAY NOT BE AS APPRCPRI ATE AS AWQCS FOR THE OLD O FI ELD SI TE BECAUSE NEI THER THE
GROUNDWATER, WATSON CREEK, NOR THE GUNPOADER RI VER ARE USED FOR DRI NKI NG WATER AND THE PRELI M NARY RI SK
ASSESSMENT HAS SHOWN THAT HUVAN HEALTH RI SKS ARE NOT SI GNI FI CANT WHI LE ECOLOG CAL RI SKS, ALTHOUGH NOT
QUANTI FI ABLE, MAY POTENTI ALLY EXI ST. THE CONTAI NVENT OF GROUNDWATER AS AN | NTERI M ACTI ON FOR QU ONE WOULD
REDUCE THE DI SCHARGE OF CONTAM NATI ON | NTO SURFACE WATER BODI ES, AND AWXCS ARE CONSI DERED RELEVANT AND
APPRCPRI ATE REQUI REMENTS EVEN THOUGH THE SOURCE OF CONTAM NATI ON REMAI NS.

AN EVALUATI ON OF THE SURFACE WATER DATA FROM THE HGA | NDI CATES THE CONTAM NANT LEVELS I N WATSON CREEK

PERI CDI CALLY HAVE EXCEEDED AWQXCS FOR ARSENI C ( TRI VALENT), ARSEN C ( PENTAVALENT), MERCURY, AND THE FI SH
CONSUMPTI ON LONEST OBSERVED EFFECT LEVEL FOR 1,1, 2, 2- TETRACHLORCETHANE. THE ARSENI C AND MERCURY LEVELS ALSO
ARE ABOVE THE WATER QUALI TY STANDARDS PROMULGATED ( PENTAVALENT) BY THE STATE OF MARYLAND, ALSO PRESENTED IN
TABLE 7. THESE AMBI ENT WATER QUALI TY CRI TERI A AND WATER QUALI TY STANDARDS, TOGETHER W TH EFFLUENT

LI M TATI ONS ESTABLI SHED UNDER THE NATI ONAL POLLUTANT DI SCHARCE ELI M NATI ON SYSTEM (NPDES), MAY BE CONSI DERED
RELEVANT AND APPROPRI ATE REQUI REMENTS FCR TH' S ACTI ON, BECAUSE CONTAM NATED GROUNDWATER DI SCHARGE TO THE
SURFACE WATER BCODY MAY CONTRI BUTE TO THE OBSERVED CONCENTRATIONS. | N ADDI TION TO THE ~ ABOVE- MENTI ONED
CONTAM NANTS, SEVERAL CHLORI NATED VOCS HAVE BEEN DETECTED PERI CDI CALLY | N WATSON CREEK; AS NOTED | N THE
PRELI M NARY RI SK ASSESSMENT, | T IS PCSSI BLE THAT SOVE OF THESE COVPOUNDS MAY BE PRESENT AT LEVELS EXCEEDI NG
AWXS CR OTHER STANDARDS DURI NG TRANSI ENT CONDI TI ONS OF "PULSE' DI SCHARGE OF CONTAM NATED GROUNDWATER. MCLS
AND AWXCS HAVE NOT BEEN ESTABLI SHED FCR TH ODI GLYCOL, 1, 4-Di THI ANE, AND OTHER CHEM CAL- AGENT DEGRADATI ON
PRODUCTS FQUND | N GROUNDWATER AT QLD O FI ELD.

3.2 GROUNDWATER EXTRACTI ON DI SCHARGE ALTERNATI VES

FOUR GROUNDWATER EXTRACTI ON DI SCHARCE ALTERNATI VES WERE RETAI NED FOR QU ONE FOLLOW NG THE TWD- STEP SCREENI NG
PROCESS IN THE FFS. THESE ALTERNATI VES, NUMBERED TO CORRESPOND W TH THE NUMBERS | N THE FFS REPORT, ARE AS
FOLLOWE:

ALTERNATI VE E-1: DOMNGRADI ENT EXTRACTI ON W TH DI SCHARCGE TO
SURFACE WATER

ALTERNATI VE E- 4: Cl RCUMFERENTI AL EXTRACTI ON W TH CAPPI NG AND
DI SCHARCE TO SURFACE WATER

ALTERNATI VE E- 5: Cl RCUMFERENTI AL EXTRACTI ON W TH SPRAY
I RRI GATI OV SOURCE FLUSHI NG

ALTERNATI VE E-6: Cl RCUMFERENTI AL EXTRACTI ON W TH
DOMNGRADI ENT REI NJECTI ON

PROPCSED DOWNGRADI ENT AND CI RCUMFERENTI AL EXTRACTI ON VELL NETWORKS FOR OLD O FI ELD ARE SHOM I N FI GURE 6.
3.2.1 COWON ELEMENTS

ALL OF THE GROUNDWATER EXTRACTI OV DI SCHARGE ALTERNATI VES CONSI DERED FOR THE SI TE | NCLUDE A NUMBER OF COMMVON
COVPONENTS. ALL OF THE EXTRACTI ON SYSTEMS HAVE BEEN DEVELOPED TO PROVI DE COMPLETE CAPTURE OF THE

CONTAM NATED GROUNDWATER PLUME THAT |'S DI SCHARG NG TO WATSON CREEK THROUGH THE WATER- TABLE AND UPPER CONFI NED
AQUI FERS. ALL EXTRACTI ON WELLS WLL BE CONSTRUCTED OF 6-1NCH DI AVETER TYPE 304 STAI NLESS- STEEL W RE- WRAPPED
SCREEN AND RI SER, AND SUBMERSI BLE PUMPS W LL BE REQUI RED FOR ALL WELLS. DUE TO CHEM CAL AGENT AND EXPLCSI VE
HAZARDS THAT EXI ST AT OLD O FI ELD, ALL DRI LLI NG ASSCCI ATED W TH NEW VELL | NSTALLATI ON MUST BE PERFORMED
REMOTELY AND CANNOT BE PERFORMED SAFELY DURI NG DOANRANGE ORDNANCE TESTI NG OPERATI ONS OR DURI NG WEATHER

CONDI TI ONS THAT COULD ALLOW FOR A CONTAM NATED PLUME TO DI SPERSE | NTO POPULATED AREAS. EXTRACTED WATER W LL



BE PI PED TO AN ON- S| TE TREATMENT SYSTEM FCR TREATMENT PRI OR TO DI SCHARGE. ABOVEGROUND PI PING WLL BE USED
FOR TRANSFERRI NG GROUNDWATER FROM THE WELLHEADS TO THE. ON-SI TE TREATMENT  SYSTEM TO AVA D DANGERQUS AND
EXPENSI VE EXCAVATI ON REQUI RED FOR BURI AL CF PI PI NG

EACH ALTERNATI VE | NCLUDES LONG TERM GROUNDWATER AND SURFACE WATER MONI TORI NG | N COVPLI ANCE W TH REQUI REMENTS
OF RCRA SUBPART F, 40 CFR S 264.91 - 264.100. THESE MONI TORI NG ACTIVI TIES WLL BE CONDUCTED TO GAUGE THE
EFFECTI VENESS OF THE SELECTED REMEDY. TH S EFFECTI VENESS/ PERFORVANCE MONI TORI NG PROGRAM W LL | NCLUDE AN
OFF- SI TE MONI TORI NG PLAN FOR GROUNDWATER, SURFACE WATER, SEDI MENT, AND BI OTA IN PROXIM TY TO OLD O FI ELD;

I NSTALLATI ON CF ADDI TI ONAL MONI TORI NG VELLS; AND CLOSURE OF EXI STI NG VELLS THAT ARE SCREENED I N THE LOVER
CONFI NED AQUI FER TO PREVENT PGOSSI BLE CROSS- CONTAM NATION OF THIS UNIT.  ANY WELLS THAT ARE DAMAGED, UNUSABLE,
OR NO LONGER NECESSARY FOR THE MONI TORI NG PROGRAM W LL BE CLOSED | N ACCORDANCE W TH FEDERAL AND STATE

REQUI REMENTS.

I T SHOULD ALSO BE NOTED THAT ALL EXTRACTI QV DI SCHARGE ALTERNATI VES AND ASSOCI ATED COST ESTI MATES WERE
DEVELCOPED UNDER TWD MAJOR ASSUMPTI ONS: (1) THAT THE EXTRACTI ON WELL NETWORK WOULD | NCORPCRATE EXI STI NG 4- 1 NCH
PVC MONI TORI NG VEELLS TO THE EXTENT PRACTI CABLE; AND (2) THAT EXTRACTI ON WOULD BE ACH EVED FROM BOTH AQUI FERS
(WATER- TABLE AND UPPER CONFI NED) THROUGH THE USE OF EXTRACTI ON VELL PAIRS, WTH ONE WELL | N THE PAI R SCREENED
IN EACH AQUI FER.  THE FI RST ASSUMPTI ON WAS MADE BECAUSE OF THE H GH COST AND LOd STI CAL DI FFI CULTIES (E. G,
THE PREVI QUSLY- MENTI ONED REMOTE DRI LLI NG REQUI REMENTS) | NVOLVED | N EXTRACTI ON WELL | NSTALLATION, WHI LE THE
SECOND ASSUMPTI ON WAS BASED ON HYDROGEOLOG C DATA AND GROUNDWATER MODELI NG RESULTS FROM THE HGA THAT
SUGGESTED THE TWD AQUI FERS WERE HYDROLOG CALLY SEPARATE SYSTENMS.

HONEVER, DATA GENERATED DURI NG SUBSEQUENT AQUI FER TESTI NG ACTI VI TI ES AT THE SI TE (REFER TO SECTI ON 4. 2. 1)
SHONED EXI STI NG WELLS WERE UNSU TABLE FOR USE I N AN EXTRACTI ON SYSTEM BECAUSE OF SHORT SCREENED | NTERVALS AND
POCR EFFI CIENCY. | N ADDI TI ON, DATA ON VERTI CAL LEAKAGE BETWEEN THE WATER- TABLE AND UPPER CONFI NED AQUI FERS

I NDI CATE THE TWDO SYSTEMS ARE HYDRAULI CALLY | NTERCONNECTED TO SOME EXTENT, AND THERE COULD BE COST AND

OPERATI ONAL ADVANTAGES TO CONSTRUCTI NG SI NGLE EXTRACTI ON VELLS SCREENED THRQUGH BOTH AQUI FERS. THUS, THESE
ASSUMPTI ONS, WH CH SERVED AS A PARTI AL BASI S FOR COST ESTI MATES GENERATED DURI NG THE FFS, MAY NOT BE

APPLI CABLE TO ACTUAL SI TE CONDI TI ONS AS ENCOUNTERED DURI NG THE AQUI FER TESTI NG PROGRAM  HOWEVER,

CONSI DERABLE UNCERTAI NTY STI LL EXI STS REGARDI NG THE OPTI MAL NUMBER AND DETAI LED DESI GN OF EXTRACTI ON WELLS
FOR THE SELECTED REMEDY, AND | NSTALLATI ON CF LARGE- DI AVETER TEST WELLS AND ADDI TI ONAL AQUI FER TESTI NG WLL BE
REQUI RED BEFORE THE REMEDY CAN BE DESI GNED. THEREFORE, THE FFS COST ESTI MATES HAVE BEEN MAI NTAI NED,

BECAUSE THEY PROVI DE A CONSI STENT BASI S FOR DI RECT COVPARI SON OF THE EXTRACTI OV DI SCHARGE ALTERNATI VES.

3.2.2 ALTERNATI VE E-1 - DOANGRADI ENT EXTRACTI ON W TH- DI SCHARCE TO SURFACE WATER

ALTERNATI VE E-1 CONSI STS OF THE | NSTALLATI ON OF A DOANGRADI ENT EXTRACTI ON VEELL NETWORK W TH DI SCHARGE TO
SURFACE WATER FOLLOW NG APPROPRI ATE TREATMENT. THE DOANGRADI ENT EXTRACTI ON WELL NETWORK W LL CONSI ST OF
SEVEN EXTRACTI ON WELL PAIRS (ONE I N THE WATER- TABLE AQUI FER AND ONE | N THE UPPER CONFI NED AQUI FER) FOR A
TOTAL OF 14 WELLS. EXI STI NG WELLS WH CH ARE NOT CLOSED WLL NOT BE USED AS PART OF THE EXTRACTI ON SYSTEM DUE
TO THEI R | NEFFI CI ENCY. THEY MAY, HOWNEVER, BE USED FOR MONI TORI NG PURPCSES. THE TOTAL EXTRACTI ON RATE FOR
TH'S SYSTEM UNDER H GH RECHARGE/ H GH FLOW CONDI TI ONS HAS BEEN ESTI MATED AT 21.9 GALLONS PER M NUTE (GPM) .

THE TREATED GROUNDWATER W LL BE DI SCHARGED TO THE GUNPOADER Rl VER OR WATSON CREEK. THE SUBSTANTI VE ASPECTS
OF AN NPDES PERM T AS REQUI RED BY THE CLEAN WATER ACT | NCLUDI NG WEEKLY MONI TORI NG FOR SELECTED PARAMETERS,

Bl OMONI TORI NG AND PERI CDI C PRI ORI TY POLLUTANT SCANS W LL BE REQUI RED TO BE MET FCR DI SCHARGE OF THE TREATED
GROUNDWATER.

ALTERNATI VE E-1 HAS AN ESTI MATED CAPI TAL COST CF $ 504, 000 AND OPERATI ON AND NMAI NTENANCE COSTS OF $81, 650.
I TS PRESENT WORTH | S ESTI MATED AT $1, 763, 000 FOR A 30- YEAR PERI OD AT A 5 PERCENT DI SCOUNT RATE. THE
I NSTALLATI ON OF THE DOANGRADI ENT EXTRACTI ON SYSTEM W LL REQUI RE APPROXI MATELY 12 MONTHS TO | MPLEMENT.

3.2.3 ALTERNATI VE E-4 - C RCUMFERENTI AL EXTRACTI ON W TH CAPPI NG AND DI SCHARGE TO SURFACE WATER
ALTERNATI VE E-4 CONSI STS COF THE CONSTRUCTI ON AND | NSTALLATI ON OF A Cl RCUMFERENTI AL EXTRACTI ON WELL NETWORK,

THE CONSTRUCTI ON AND | NSTALLATI ON OF A LOWN PERVEABI LI TY MULTI - LAYER CAP, TREATMENT OF GROUNDWATER I N
ACCORDANCE W TH THE SELECTED TREATMENT ALTERNATI VE, AND DI SCHARGE TO SURFACE WATER. THI' S ALTERNATI VE W LL



MEET TWD OBJECTI VES FOR GROUNDWATER CONTAM NANT CONTROL: WASTE | SCLATI ON AND M GRATI ON CONTRCL. | NSTALLATI ON
OF THE CAP WLL RESTRI CT PRECI Pl TATI ON | NFI LTRATI ON THROUGH THE WASTE MATERI ALS, AND Cl RCUMFERENTI AL

EXTRACTI ON OF GROUNDWATER W LL LOANER THE WATER TABLE SUFFI Cl ENTLY TO PREVENT CONTACT W TH THE WASTE MATERI ALS
IN THE DI SPCSAL AREA.  ALTHOUGH CAPPING IS PRI MARI LY CONSI DERED A SCURCE CONTROL REMEDY, | T OFFERS ADDI TlI ONAL
BENEFI TS FOR GROUNDWATER REMEDI ATI ON AT THE OLD O FI ELD SI TE (AS NOTED ABOVE) AND, THEREFCORE, |S BEI NG

CONSI DERED AS A COVPONENT TECHNOLOGY FOR GROUNDWATER EXTRACTI ON DI SCHARCE ALTERNATI VES FOR THE FI ELD.

THE C RCUMFERENTI AL EXTRACTI ON WELL NETWORK W LL CONSI ST OF 13 EXTRACTI ON VELLS CRWELL PAIRS FOR A TOTAL COF
26 VELLS. EXI STING VWELLS WH CH ARE NOT CLOSED WLL NOT BE USED AS PART OF THE EXTRACTI ON SYSTEM DUE TO THEIR
I NEFFI CI ENCY. THEY MAY, HOWNEVER, BE USED FOR MONI TORI NG PURPOSES. THE ESTI MATED TOTAL EXTRACTI ON RATE FOR
THE C RCUMFERENTI AL EXTRACTI ON SYSTEM WTH CAPPING I S 20.6 GPM A LOWNMPERVEABI LI TY, MULTI-LAYER CAP WLL BE
I NSTALLED OVER THE CONTAM NATI ON SOURCE AREA AND W LL CONFORM TO RCRA LANDFI LL CLOSURE REQUI REMENTS I N 40 CFR
S 264. 310, WH CH, AMONG OTHER THI NGS, | NCLUDES AN | MPERVEABLE HI GH DENSI TY PCLYETHYLENE (HDPE) LINER  THE
CAP WLL BE I NSTALLED BY FI RST ADVANCI NG A THI CK CLAY LAYER ACRCSS THE SITE, USI NG A BULLDOZER, TO PREVENT

DI RECT CONTACT BETWEEN THE SI TE SURFACE AND HEAVY EQUI PMENT, THEREBY M NI M ZI NG POTENTI AL EXPLCSI VE AND

DI RECT CONTACT HAZARDS DURI NG CAP CONSTRUCTI ON

THE EXTRACTED GROUNDWATER W LL BE TREATED | N ACCORDANCE W TH THE SELECTED TREATMENT ALTERNATIVE. THE TREATED
GROUNDWATER W LL BE DI SCHARGED TO THE GUNPOADER RI VER OR WATSON CREEK. DI SCHARGE OF TREATED GROUNDWATER W LL
REQUI RE THAT SUBSTANTI VE REQUI REMENTS CF AN NPDES PERM T BE MET, | NCLUDI NG VEEKLY MONI TORI NG OF THE EFFLUENT
FOR SELECTED PARAMETERS AND PERI CDI C PRI ORI TY POLLUTANT SCANS.

ALTERNATI VE E-4 HAS AN ESTI MATED CAPI TAL COST OF $2, 598, 000 AND OPERATI ON AND MAI NTENANCE COSTS OF $97, 000.
I TS PRESENT WORTH | S ESTI MATED AT $4, 078, 000 FOR A 30- YEAR PERI CD AT A 5 PERCENT DI SCOUNT  RATE.
ALTERNATI VE E-4 WLL REQU RE APPROXI MATELY 24 TO 36 MONTHS TO | MPLEMENT.

3.2.4 ALTERNATI VE E-5 - Cl RCUMFERENTI AL EXTRACTI ON W TH SPRAY | RRI GATI OV SOURCE FLUSHI NG

ALTERNATI VE E-5 CONSI STS OF Cl RCUMFERENTI AL EXTRACTI ON W TH SPRAY | RRI GATI ON SOURCE FLUSHI NG  THE SAME

Cl RCUMFERENTI AL EXTRACTI ON SYSTEM DESCRI BED | N ALTERNATI VE E-4 WLL BE USED, HOMNEVER, THE TOTAL EXTRACTI ON
RATE | S ESTI MATED AT 46.1 GPM TO ENSURE EFFECTI VE CAPTURE OF THE ADDI TI ONAL WATER | NFI LTRATI NG THE LANDFI LL
FROM THE SPRAY | RRI GATI ON SYSTEM  APPROXI MATELY HALF OF THE TREATED WATER WLL BE RE-APPLIED TO THE
LANDFI LL USI NG A SPRAY | RRI GATI ON SYSTEM THE REMAI NDER OF THE TREATED WATER W LL BE DI SCHARGED TO THE
GUNPONDER RI VER OR WATSON CREEK. THI'S ALTERNATIVE IS A H GHLY AGGRESSI VE APPRCACH | N WH CH WATER 1 S

RE- APPLI ED TO WASTE MATERI ALS TO EFFECT MORE RAPI D SOURCE DEGRADATI ON, AS WELL AS TO PROVI DE ADDI TI ONAL
RECHARGE FCOR ENHANCED AQUI FER FLUSHI NG RE- APPLI CATI ON OF WATER TO THE SOURCE AREA W LL RESULT I N ADDI TI ONAL
LEACH NG AND MCBI LI ZATI ON OF SO L- BOUND CR SQOLI D- PHASE CONTAM NANTS TO GROUNDWATER FOR SUBSEQUENT EXTRACTI ON
AND TREATMENT. | T MAY ALSO ENHANCE THE DEGRADATI ON OF BURI ED MUNI TI ONS AND METAL CONTAI NERS, RESULTI NG I N
MORE RAPI D EXTRACTI ON AND TREATMENT OF THEI R CONTENTS. WH LE THERE MAY BE DI SADVANTAGES TO ENHANCI NG SOURCE
DEGRADATI ON I N THIS MANNER, THI S ALTERNATI VE REPRESENTS THE MOST AGGRESS| VE APPROACH W THOUT REMOVI NG THE
SOURCE.

DI SCHARGE TO GUNPONDER RI VER OR WATSON CREEK W LL REQUI RE MEETI NG THE SUBSTANTI VE ASPECTS OF AN NPDES PERM T,
W TH REQUI RED EFFLUENT MONI TORI NG CONDUCTED WEEKLY.

ALTERNATI VE E-5 HAS AN ESTI MATED CAPI TAL COST COF $1, 324, 000 AND COPERATI ON AND MAI NTENANCE COSTS OF $110, 000.
I TS PRESENT WORTH | S ESTI MATED AT $3, 027,000 FOR A 30- YEAR PERI CD AT A 5 PERCENT DI SCOUNT  RATE.
ALTERNATI VE E-5 WLL REQU RE APPROXI MATELY 36 TO 60 MONTHS TO | MPLEMENT.

3.2.5 ALTERNATI VE E-6 - Cl RCUMFERENTI AL EXTRACTI ON W TH DOANGRADI ENT RE- | NJECTI ON

ALTERNATI VE E-6 CONSI STS OF Cl RCUMFERENTI AL EXTRACTI ON W TH DOMNGRADI ENT RE- I NJECTI ON. THE PRCPGSED

EXTRACTI ON SYSTEM | S A MODI FI ED G RCUMFERENTI AL NETWORK THAT | NCLUDES 21 RATHER THAN 26 WELLS

(O RCUMFERENTI AL VEELLS ARE NOT | NCLUDED ON THE WESTERN BOUNDARY OF THE LANDFI LL IN THE UPPER CONFI NED

AQU FER). THUS, THE SYSTEM IS ACTUALLY A C RCUMFERENTI AL SYSTEM | N THE WATER- TABLE AQUI FER AND A

DOMWNGRADI ENT SYSTEM | N THE UPPER CONFI NED AQUI FER.  THE TOTAL EXTRACTI ON RATE FOR THI S SYSTEM | S ESTI MATED AT
34.3 GPM ALL OF THE EXTRACTED GROUNDWATER WLL BE RE-1 NJECTED, FOLLON NG TREATMENT, | NTO THE UPPER CONFI NED



AQUI FER AT 11 | NJECTI ON WELLS LOCATED DONNGRADI ENT OF THE LANDFI LL NEAR THE SHORELI NE OF WATSON CREEK;
HOMEVER, A CONTI NGENCY FOR SURFACE DI SCHARGE OF SOVE WATER HAS BEEN | NCLUDED | N THI S ALTERNATI VE.

THEREFORE, MONI TORI NG AND OTHER REQUI REMENTS OF BOTH RE- I NJECTI ON PERM TS PURSUANT TO FEDERAL AND STATE
UNDERGROUND | NJECTI ON CONTRCL REGULATI ONS AND AN NPDES PERM T WLL BE REQUI RED FOR TH S ALTERNATI VE.

THI'S IS A H GHLY COWPLEX SYSTEM W TH REGARD TO DESI G\, CPERATI ON, AND PERFCRVANCE MONI TORI NG HOWEVER, THI S
ALTERNATI VE MAY PROVI DE NECESSARY RECHARGE FOR ADDI TI ONAL AQUI FER FLUSH NG AND CONTROL OF | NDUCED

| NFI LTRATI ON FROM WATSON CREEK AND ASSOCI ATED WETLANDS BY CREATI NG A HYDROLOG C BARRI ER ( OR " FRESHWATER

R DGE') BETWEEN THESE WATER BODI ES AND THE CONTAM NATED PORTI ONS OF THE WATER- TABLE AND UPPER CONFI NED

AQUI FERS.

ALTERNATI VE E-6 HAS AN ESTI MATED CAPI TAL COST COF $1, 420, 000 AND CPERATI ON AND MAI NTENANCE COSTS OF $104, 000.
I TS PRESENT WORTH | S ESTI MATED AT $3, 004, 000 FOR A 30- YEAR PERI CD AT A 5 PERCENT DI SCOUNT  RATE.
ALTERNATI VE E-6 WLL REQU RE APPROXI MATELY 36 TO 60 MONTHS TO | MPLEMENT.

3.3 GROUNDWATER TREATMENT ALTERNATI VES

SI X GROUNDWATER TREATMENT ALTERNATI VES WERE | DENTI FI ED FOR QU ONE I N THE FFS. THESE ALTERNATI VES, NUMBERED
TO CORRESPOND W TH THE NUMBERS | N THE FFS REPORT, ARE AS FOLLOWG:

ALTERNATI VE T-1: NO ACTI ON
ALTERNATI VE T-2: M N MAL ACTI ON

ALTERNATI VE T-3: CHEM CAL PRECI Pl TATI OV Al R STR PPl NG CARBON
ADSORPTI ON (LI QUI D PHASE)

ALTERNATI VE T-4: CHEM CAL PRECI Pl TATI OV ULTRAVI CLET- OXI DATI ON

ALTERNATI VE T-5: CHEM CAL PRECI Pl TATI OV ACTI VATED SLUDCE
Bl OLOG CAL TREATMENT/ CARBON ADSCRPTI ON

ALTERNATI VE T-6: CHEM CAL PRECI Pl TATI ON' POADERED ACTI VATED CARBCON
TREATMENT ( PACT)

3.3.1 COWON ELEMENTS

ALL OF THE ACTI VE GROUNDWATER TREATMENT ALTERNATI VES (ALTERNATI VES T-3 THROUGH T-6) CONSI DERED FCR THE SI TE

I NCLUDE A NUMBER CF COMMON COVPONENTS. | MPLEMENTATI ON OF EACH TREATMENT ALTERNATI VE WLL REQU RE SI TE

CLEARI NG AND PREPARATI O\, CONSTRUCTI ON OF A TREATMENT BUI LDI NG, | NSTALLATI ON OF A CONCRETE PAD AND

CONTAI NVENT SYSTEM  EXTENSI ON OF WATER AND ELECTRI CAL LI NES; LONG TERM SYSTEM CPERATI ON; LONG TERM | NFLUENT
AND EFFLUENT MONI TORI NG | NCLUDI NG CHEM CAL ANALYSI S AND BI OTOXI CI TY TESTI NG LONG TERM GROUNDWATER MONI TORI NG
I N COVPLI ANCE W TH REQUI REMENTS OF RCRA SUBPART F, 40 CFR SS 264. 90-264.101 AND A NPDES PERM T; AND PERI CODI C
REVI EA5 OF SI TE CONDI TI ONS AS LONG AS CHEM CALLY AFFECTED MEDI A REMAIN AT THE SITE (I.E, THE SOURCE), IN
ACCORDANCE W TH CERCLA S 121(C), 42 USC S 9621(C), THE NCP, AND APPLI CABLE EPA GU DANCE.

WATER | S DI SCHARGED TO THE GUNPOADER RI VER TO ENSURE THAT CHEM CAL- SPECI FI C FEDERAL AND STATE APPLI CABLE OR
RELEVANT AND APPROPRI ATE REQUI REMENTS ( ARARS) AND THE SUBSTANTI VE REQUI REMENTS OF AN NPDES PERM T ARE

SATI SFI ED. MONI TORING WLL | NVOLVE CHEM CAL SAMPLI NG AS VEELL AS ACUTE AND CHRONIC BIOTOXICI TY TESTING IN
THE EVENT THAT MONI TORI NG | NDI CATES ARARS OR NPDES SUBSTANTI VE REQUI REMENTS ARE NOT ACHI EVED, TREATMENT
SYSTEM OPERATI NG PARAMETERS W LL BE MODI FI ED TO | MPROVE PERFORVMANCE SUCH THAT THE REQUI REMENTS ARE SATI SFI ED.

I F THE CONTAM NANT SCURCE (I.E., THE BUR ED MJUNI TI ONS AND CHEM CAL AGENTS) REMAI NS, CHEM CALS W LL CONTI NUE
TO LEACH | NTO THE GROUNDWATER FAR | NTO THE FUTURE, EVEN I F A CAP | S CONSTRUCTED OVER THE FI ELD TO | SOLATE
THE WASTES. G VEN THE NEED FOR GROUNDWATER TREATMENT TO CONTI NUE FOR A LONG PERIGD OF TIME, | T MAY BECOVE
NECESSARY TO REPLACE THE ENTI RE TREATMENT SYSTEM ONE OR MORE TI MES DURI NG THE REMEDI AL ACTION LI FETI ME.



REPLACEMENT TI MES W LL BE APPROXI MATELY THE SAME FOR ANY OF THE GROUNDWATER TREATMENT ALTERNATI VES;
THEREFORE, FOR COVPARATI VE PURPCSES, WE HAVE ASSUMED THAT THE TREATMENT EQUI PMENT WLL BE  MAI NTAI NED AT
LEAST 30 YEARS.

3.3.2 ALTERNATIVE T-1 - NO ACTI ON

THE SUPERFUND PROGRAM REQUI RES THAT THE "NO ACTI ON' ALTERNATI VE BE EVALUATED AT EVERY SI TE TO ESTABLI SH A
BASELI NE FOR COVPARI SON.  UNDER THI S ALTERNATI VE, THE ARMY WOULD TAKE NO FURTHER ACTI ON AT THE SITE TO
PREVENT EXPCSURE TO THE GROUNDWATER CONTAM NATI ON.

ALTERNATI VE T-1 DOES NOT HAVE ASSCCI ATED CAPI TAL AND OPERATI ON AND MAI NTENANCE COSTS, AND W LL NOT REQUI RE
ANY TI ME FOR | MPLEMENTATI ON.

3.3.3 ALTERNATIVE T-2 - M NI MAL ACTI ON

ALTERNATI VE T-2 CONSI STS CF | MPLEMENTATI ON OF | NSTI TUTI ONAL RESTRI CTI ONS SUCH AS ACCESS RESTRI CTI ONS, AND
LAND USE RESTRI CTI ONS; PUBLI C EDUCATI ON PROGRAMS TO | NFORM WORKERS AND LOCAL RESI DENTS OF THE POTENTI AL SI TE
DANCERS; EMERGENCY PROVI SI ONS; LONG TERM ENVI RONVENTAL MONI TORI NG | NCLUDI NG QUARTERLY GROUNDWATER MONI TORI NG
AND FI VE- YEAR REVI EW6 AS REQUI RED BY CERCLA S 121(C), 42 USC S 9621(C), THE NCP, AND APPLI CABLE EPA GU DANCE
WHEN HAZARDOUS CHEM CALS RENVAI N UNTREATED. ASPECTS OF ALTERNATI VE T-2 ARE ALSO | NCLUDED IN EACH OF THE

ACTI VE GROUNDWATER TREATMENT ALTERNATI VES ( ALTERNATI VES T-23 THRCOUGH T-6) .

ALTERNATI VE T-2 HAS AN ESTI MATED CAPI TAL COST OF$50, 000 AND COPERATI ON AND MAI NTENANCE COSTS OF $104,000. ITS
PRESENT WORTH | S ESTI MATED AT $1, 692, 000 FOR A 30- YEAR PERI OD AT A 5 PERCENT DI SCOUNT RATE. ALTERNATIVE T-2
W LL REQU RE APPROXI MATELY SI X OR LESS MONTHS TO | MPLEMENT.

3.3.4 ALTERNATI VE T-3 - CHEM CAL PRECI PI TATI OV Al R STRI PPl NG CARBON ADSCORPTI ON (LI QU D PHASE)

ALTERNATI VE T-3 CONSI STS OF THE THREE MOST COVMON GROUNDWATER TREATMENT TECHNOLOG ES: CHEM CAL PRECI Pl TATI ON,
AR STRI PPING AND LI QU D- PHASE CARBON ADSORPTI ON.  CHEM CAL PRECI PI TATI ON WLL PROVI DE THE NECESSARY
TREATMENT FOR REDUCTI ON OF | NORGANI C CONTAM NANT AND THE COMBI NATI ON OF Al R STRI PPI NG FOLLOAED BY CARBON
ADSORPTI ON W LL PROVI DE THE NECESSARY TREATMENT FOR REDUCTI ON OF ORGANI C CONTAM NANT CONCENTRATI ONS.

CHEM CAL PRECI PI TATI ON | NVOLVES MODI FYI NG THE CHEM CAL STRUCTURE OF METALLI C COVWPQUNDS SUCH THAT THEY

PRECI PI TATE QUT OF SOLUTI ON AS SCLI DS, FLOCCULATE TOGETHER, AND SETTLE QUT OF THE WATER BY GRAVITY. TH'S
PROCESS W LL PRCDUCE SLUDGE CONTAI NI NG THE METAL CONTAM NANTS WHI CH WLL BE DEWATERED IN A FILTER PRESS. THE
RESULTANT FILTER CAKE WLL BE PROPERLY DI SPCSED AT A FACI LI TY PERM TTED TO ACCEPT SUCH WASTE.

AR STRIPPING | S A MASS TRANSFER PROCESS | N WH CH VOLATI LE ORGANI C COVPQUNDS (VOCS) DI SSCLVED I N THE
GROUNDWATER ARE TRANSFERRED TO THE VAPOR PHASE BY COUNTERCURRENT CONTACT WTH A STREAM OF AIR Al R PCLLUTI ON
CONTRCOLS SUCH AS A VAPCR- PHASE CARBON ADSORPTION UNIT OR A CATALYTI C CONVERTER W LL BE REQUI RED TO REDUCE VCC
EM SSI ONS AND COVPLY W TH Al R REGULATI ONS. CARBON ADSORPTI ON | NVOLVES PHYSI CALLY ADSCRBI NG  CORGANI C
COVPOUNDS FROM THE GROUNDWATER ONTO POROUS CARBON MEDI A CONTAI NI NG SI TES PREPARED TO ACCEPT THE CONTAM NANTS.
BECAUSE MANY VOCS W LL BE REMOVED THROUGH Al R STRI PPI NG ORGANI C LOADI NG ON THE CARBON W LL BE REDUCED.
CARBON ADSCRPTI ON W LL, THEREFORE, BE USED PRI MARILY FOR REMOVAL OF LESS VOLATI LE ORGANI C COMPOUNDS.  SPENT
VAPOR AND LI QUI D- PHASE CARBON W LL REQUI RE PROPER OFF- SI TE DI SPOSAL OR REGENERATI ON.

ALTERNATI VE T-3 HAS AN ESTI MATED CAPI TAL COST COF $1, 263, 000 AND CPERATI ON AND MAI NTENANCE COSTS OF $525, 000.
I TS PRESENT WORTH | S ESTI MATED AT $9, 392, 000 FOR A 30- YEAR PERI OD AT A 5 PERCENT DI SCOUNT RATE. ALTERNATI VE
T-3 WLL REQU RE APPROXI MATELY 18 TO 24 MONTHS TO | MPLEMENT.

3.3.5 ALTERNATI VE T-4 - CHEM CAL PRECI PI TATI OV ULTRAVI OLET- OXI DATI ON

ALTERNATI VE T-4 CONSI STS OF CHEM CAL PRECI Pl TATI ON FOR REDUCTI ON OF | NORGANI C CONTAM NANT CONCENTRATI ONS AND
ULTRA- VI OLET (UWV) OXI DATI ON FOR REDUCTI ON OF ORGANI C CONTAM NANT CONCENTRATI ONS.  UV- OXI DATI ON | S AN EMERG NG
TECHNOLOGY WHI CH USES ULTRAVI CLET LI GHT I N CONJUNCTI ON WTH A STRONG OXI DI ZI NG AGENT, SUCH AS HYDROGEN

PEROXI DE OR QZONE, TO DESTROY ORGANI C COMPCUNDS | N GROUNDWATER. THE ULTRAVI OLET LI GHT REACTS WTH THE
HYDROGEN PEROXI DE OR (ZONE FORM NG HYDROXYL RADI CALS WH CH OXI DI ZE ORGANI C COVPCUNDS. | N ADDI TI ON, MANY



COVPOUNDS ABSCRB ULTRAVI OLET LI GHT CAUSI NG THEM TO BE MORE REACTI VE TO CHEM CAL OXI DANTS.  UV- OXI DATI ON W LL
NOT PRCDUCE TREATMENT RESI DUALS. THI S ALTERNATI VE WLL ONLY REQUI RE DI SPOSAL OF CHEM CAL PRECI PI TATI ON
FI LTER CAKE, | N ACCORDANCE W TH RCRA SUBTI TLE C.

ALTERNATI VE T-4 HAS AN ESTI MATED CAPI TAL COST COF $1, 377, 000 AND CPERATI ON AND NMAI NTENANCE COSTS OF $385, 000.
I TS PRESENT WORTH | S ESTI MATED AT $7, 357,000 FOR A 30- YEAR PERI CD AT A 5 PERCENT DI SCOUNT  RATE.
ALTERNATI VE T-4 WLL REQU RE APPROXI MATELY 18 TO 24 MONTHS TO | MPLEMENT.

3.3.6 ALTERNATI VE T-5 - CHEM CAL PRECI PI TATI OV ACTI VATED SLUDGE Bl OLOG CAL TREATMENT/ CARBON ADSORPTI ON

ALTERNATI VE T-5 CONSI STS OF CHEM CAL PRECI Pl TATI ON FOR REDUCTI ON OF | NORGANI C CONTAM NANT CONCENTRATI ONS AND
ACTI VATED SLUDGE FOLLOWED BY CARBON ADSORPTI ON FOR REDUCTI ON CF CRGANI C CONTAM NANT CONCENTRATI ONS.

ACTI VATED SLUDGE | S A BI OLOd CAL TREATMENT PROCESS | N WH CH M CRO- ORGANI SM5 DESTROY CRGANI C COMPOUNDS | N
GROUNDWATER BY CONSUM NG THEM AS FOOD. RESI DUAL SLUDGE W LL BE DEWATERED I N A FI LTER PRESS AND THE RESULTANT
FI LTER CAKE WLL BE PROPERLY DI SPCSED | N ACCORDANCE W TH RCRA SUBTI TLE C.  CARBON ADSORPTI ON WLL THEN BE
USED AS A FINAL POLI SH TO TREAT CRGANI C COVPOUNDS WHI CH ARE NOT READI LY Bl ODEGRADABLE. THIS  ALTERNATI VE
WLL REQU RE DI SPOSAL (OR REGENERATI ON) OF CHEM CAL PRECI PI TATI ON FI LTER CAKE, ACTI VATED SLUDGE FI LTER CAKE,
AND SPENT CARBON

ALTERNATI VE T-5 HAS AN ESTI MATED CAPI TAL COST COF $1, 623, 000 AND OPERATI ON AND MAI NTENANCE COSTS OF $311, 000.
I TS PRESENT WORTH | S ESTI MATED AT $6, 449, 000 FOR A 30- YEAR PERI CD AT A 5 PERCENT DI SCOUNT  RATE.
ALTERNATI VE T-5 WLL REQU RE APPROXI MATELY 18 TO 24 MONTHS TO | MPLEMENT.

3.3.7 ALTERNATI VE T-6 - CHEM CAL PRECI PI TATI ON PONDERED ACTI VATED CARBON TREATMENT ( PACT)

ALTERNATI VE T-6 CONSI STS CF CHEM CAL PRECI Pl TATI ON FOR REDUCTI ON OF | NORGANI C CONTAM NANT CONCENTRATI ONS AND
PACT FOR REDUCTI ON OF ORGANI C CONTAM NANT CONCENTRATIONS.  PACT IS A BIOLOG CAL TREATMENT PROCESS IN  WH CH
PONDERED ACTI VATED CARBON (PAC) |'S ADDED DI RECTLY TO THE ACTI VATED SLUDGE REACTCR SO THAT BI CDEGRADATI ON AND
ADSCORPTI ON OCCUR SI MULTANEQUSLY IN ONE VESSEL. THE PAC IS REMOVED IN THE CLARI FI ER AND RECYCLED ALONG W TH
THE ACTI VATED SLUDGE, THUS PROVI DI NG AN | NCREASED RETENTI ON TI ME FOR THOSE COMPOUNDS ADSORBED TO THE CARBQON,
ALLOWN NG FURTHER BI CDEGRADATI ON.  SPENT CARBON W LL BE EXPELLED ALONG W TH THE ACTI VATED SLUDGE. TH' S
ALTERNATI VE W LL REQU RE DI SPCSAL CF CHEM CAL PRECI PI TATI ON FI LTER CAKE AND ACTI VATED SLUDGE FI LTER CAKE
CONTAI Nl NG POANDERED ACTI VATED CARBON, | N ACCORDANCE W TH RCRA SUBTI TLE C.

ALTERNATI VE T-6 HAS AN ESTI MATED CAPI TAL COST COF $1, 551, 000 AND OPERATI ON AND MAI NTENANCE COSTS OF $259, 000.
I TS PRESENT WORTH | S ESTI MATED AT $5, 582, 000 FOR A 30- YEAR PERI 0D AT A 5 PERCENT DI SCOUNT RATE. ALTERNATI VE
T-6 WLL REQUI RE APPROXI VATELY 18 TO 24 MONTHS TO | MPLEMENT.

#CAR
4.0 COCPERATI VE ANALYSI S OF REMEDI AL ALTERNATI VES

THE GROUNDWATER EXTRACTI OV DI SCHARGE AND TREATMENT ALTERNATI VES DESCRI BED | N SECTIONS 3.2 AND 3.3 WERE
EVALUATED AGAI NST NI NE SPECI FI ED CRI TERI A | N ACCORDANCE W TH CERCLA S 121(B), 42 USC S 9621(B), AND THE NCP,
40 CFR 300.430(E), TO SELECT AN OVERALL PREFERRED REMEDI AL ALTERNATI VE FOR | NTERI M ACTI ON AT OLD O FI ELD.

THE EXTRACTI ON/ DI SCHARCGE ALTERNATI VES WERE EVALUATED SEPARATELY FROM THE TREATMENT ALTERNATI VES SO THAT A
PREFERRED APPRCACH FROM EACH OF THE TWD CATEGCORI ES COULD BE | DENTI FI ED. THE OVERALL PREFERRED REMEDI AL
ALTERNATI VE WAS THEN DEVELOPED BY COMBI NI NG THE PREFERRED EXTRACTI OV DI SCHARGE ALTERNATI VE W TH THE PREFERRED
TREATMENT ALTERNATI VE.

TH' S SECTI ON DI SCUSSES THE EVALUATI ON OF THE EXTRACTI OV DI SCHARGE AND TREATMENT ALTERNATI VES AGAI NST THE
SPECI FIED CRITERIA.  AQUI FER PUWPI NG TESTS AND GROUNDWATER TREATABI LI TY STUDI ES WERE CONDUCTED TO CBTAI N
I MPORTANT | NFCRVATI ON REQUI RED TO MAKE AN | NFORVED EVALUATI ON.

4.1 EVALUATI ON CRI TERI A

THE FOLLOW NG EVALUATI ON CRI TERI A VERE USED | N THE COVPARATI VE ANALYSI S OF ALTERNATI VES AND ARE BASED ON
SECTI ON 121(B) COF CERCLA, 42 USC S 9621(B), AND THE NCP, 40 CFR 300.430(E):



1. OVERALL PROTECTI ON OF HUVAN HEALTH AND THE ENVI RONMENT ADDRESSES WHETHER OR NOT A REMEDY PROVI DES ADEQUATE
PROTECTI ON AND DESCRI BES HOW RI SKS POSED THROUGH EACH PATHWAY ARE ELI M NATED, REDUCED, OR CONTRCLLED THROUGH
TREATMENT, ENG NEERI NG CONTRCLS, OR | NSTI TUTI ONAL CONTRCLS.

2. COWPLI ANCE W TH ARARS ADDRESSES WHETHER OR NOT A REMEDY W LL MEET ALL OF THE APPLI CABLE OR RELEVANT AND
APPRCOPRI ATE REQUI REMENTS COF FEDERAL AND STATE ENVI RONMENTAL STATUTES ANDY OR PROVI DE GROUNDS FCR | NVOKI NG A
WAl VER

3. LONG TERM EFFECTI VENESS AND PERVANENCE REFERS TO THE MAGNI TUDE OF RESI DUAL RI SK AND THE ABILITY OF A
REMEDY TO MAI NTAI N RELI ABLE PROTECTI ON CF HUMAN HEALTH AND THE ENVI RONVENT OVER Tl ME ONCE CLEANUP GOALS HAVE
BEEN MET.

4. REDUCTION OF TOXIAI TY, MBILITY, OR VOLUME THROUGH TREATMENT | S THE ANTI Cl PATED PERFCORVANCE OF TREATMENT
TECHNOLOG ES THAT MAY BE EMPLOYED | N A REMEDY.

5. SHORT- TERM EFFECTI VENESS REFERS TO THE SPEED W TH WH CH THE REMEDY ACHI EVES PROTECTI ON, AS WELL AS THE
REMEDY' S POTENTI AL TO CREATE ADVERSE | MPACTS ON HUMAN HEALTH AND THE ENVI RONVENT THAT MAY RESULT DURI NG THE
CONSTRUCTI ON AND | MPLEMENTATI ON PERI OD.

6. | MPLEMENTABILITY IS THE TECHNI CAL AND ADM NI STRATI VE FEASI BI LI TY CF A REMEDY, | NCLUDI NG THE AVAI LABI LI TY
OF MATERI ALS AND SERVI CES NEEDED TO | MPLEMENT THE CHOSEN SOLUTI ON.

7. COST | NCLUDES CAPI TAL AND CPERATI ON AND NMAI NTENANCE COSTS, AND PRESENT WORTH.  ALL OF THE REMEDI AL
ALTERNATI VES W LL OPERATE UNTIL THE FI NAL REMEDY FOR ALL OPERABLE UNITS FOR OLD O FI ELD IS DETERM NED. AN
OPERATI NG PERI GD OF 30 YEARS WAS SELECTED TO ALLOW FOR COVPARI SON OF ALTERNATIVES. ALTHOUGH NOT | NCLUDED I N
THE COST ESTI MATES, EQUI PMENT SUCH AS VEELLS, MULTI - LAYER CAPS, AND TREATMENT UNI TS WLL LI KELY REQUI RE
REPLACEMENT AFTER 20 TO 30 YEARS OF CPERATI ON OR LESS.

8. STATE ACCEPTANCE | NDI CATES WHETHER, BASED ON I TS REVI EWOF THE FFS AND PRCPCSED PLAN, THE STATE CONCURS
WTH, CPPCSES, CR HAS NO COMMENT ON THE PREFERRED ALTERNATI VE; AND

9. COMMINI TY ACCEPTANCE | NDI CATES THE PUBLI C SUPPCRT OF A (G VEN REMEDY AND | S DI SCUSSED | N THE RESPONSI VENESS
SUMVARY PROVI DED | N APPENDI X A.

THE FI RST TWD CRI TERI A RELATE TO STATUTORY REQUI REMENTS AND ARE, THEREFORE, CATEGCORI ZED AS THRESHOLD CRI TERI A
THAT MUST BE SATI SFI ED BY THE ALTERNATIVE. THE NEXT FI VE CRI TERI A ARE GROUPED TOGETHER AS PRI MARY BALANCI NG
CRITERI A UPON WH CH THE ANALYSI S WAS BASED. THE FI NAL TWO CRI TERI A WERE ADDRESSED FOLLOWN NG COMVENT ON

THE. PROPCSED PLAN AND ARE CONSI DERED MCZDI FYI NG CRI TERI A

4.2 EVALUATI ON OF GROUNDWATER EXTRACTI ON DI SCHARCGE ALTERNATI VES
4.2.1 AQU FER PUWPI NG TESTS

GROUNDWATER EXTRACTI OV DI SCHARGE ALTERNATI VES WERE DEVELCPED AND EVALUATED I N THE FFS FOR GROUNDWATER
REMEDI ATI ON AT OLD O FI ELD BASED ON HYDROGEQLOG C AND CONTAM NANT DATA GENERATED BY THE HGA. A USGS
GROUNDWATER FLOW MCDEL ( MODFLOW WAS USED TO DEVELCP AND OPTI M ZE EXTRACTI ON WELL NETWORKS UNDER SEVERAL
SCENARI G5 FCR THE SI TE, AND TO COVPARE THE EFFECTI VENESS, | MPLEMENTABI LI TY, AND COST OF EACH ALTERNATI VE.
HONEVER, SI GNI FI CANT UNCERTAI NTY WAS FOUND TO EXI ST | N PREDI CTI NG EXTRACTI ON SYSTEM PERFORVANCE BASED ON
GROUNDWATER MODELI NG RESULTS.  SPECI FI CALLY, THE RESPONSE OF THE OLD O FI ELD AQUI FER SYSTEMS TO PUMPI NG
(1. E., STRESSED CONDI TI ONS) WAS NOT KNOMN, AND DATA WERE LACKI NG W TH REGARD TO. 1) CAPTURE ZONE SI ZES FCR
I NDI VI DUAL VEELLS AND THE OVERALL EXTRACTI ON NETWORK; 2) | NTERACTI ONS BETWEEN WATSON CREEK AND THE AQUI FER
SYSTEM (1. E., THE EXTENT OF | NDUCED | NFI LTRATI ON); AND 3) THE EFFECTS OF PUMPI NG ON VERTI CAL GRADI ENTS AND
LEAKAGE RATES BETWEEN THE WATER- TABLE AND UPPER CONFI NED AQUI FERS. ALSO, THE ASSUMPTI ON THAT EXI STI NG
MONI TORI NG VEELLS COULD BE | NCORPORATED | NTO THE EXTRACTI ON SYSTEM (A SI GNI FI CANT COST FACTOR) REQUI RED
VERI FI CATI ON THRQUGH ACTUAL TESTI NG

BASED ON THESE CONSI DERATI ONS, AN AQUI FER TESTI NG PROGRAM WAS | MPLEMENTED, CONSI STI NG OF STEP- DRAWDOMWN TESTS



AND CONSTANT- DI SCHARGE TESTS ON THREE EXI STI NG MONI TORI NG WELLS | N THE CONTAM NATED PLUME AREA. EXI STI NG
MONI TORI NG VELLS WERE USED IN TH S PROGRAM TO DETERM NE WHETHER THESE WELLS COULD BE | NCORPCRATED | NTO A
FULL- SCALE EXTRACTI ON VEELL NETWORK; AND BECAUSE LOG STI CAL DI FFI CULTIES (I.E., REMOTE DRI LLING ASSOCI ATED
W TH | NSTALLATI ON OF EXTRACTI ON TEST WELLS WOULD CAUSE SCHEDULE DELAYS OF AT LEAST ONE YEAR BEFCRE ANY TYPE
OF AQUI FER TESTI NG PROGRAM COULD BE | MPLEMENTED.

HONEVER, STEP- DRAWDOMAN TESTI NG | NDI CATED THAT SEVERAL OF THE WELLS SELECTED FOR TESTI NG WOULD NOT SUSTAI N
LONG TERM PUWMPI NG AT EXTRACTI ON RATES SUFFI CI ENT TO ADEQUATELY STRESS THE AQUI FER SYSTEM BECAUSE THE

LON Yl ELD VEELLS ARE LOCATED | N WHAT WOULD APPEAR TO BE HI G+ PERVEABI LI TY AREAS (BASED ON HGA DATA), I T
APPEARS THAT THE OBSERVED Yl ELDS ARE ALMOST CERTAI NLY A FUNCTI ON OF WELL | NEFFI C ENCI ES. WELL | NEFFI Cl ENCI ES
ARE MOST LI KELY THE RESULT OF SHORT SCREEN LENGTHS, SMALL SCREEN SLOT SI ZES, AND THE USE OF FI NE- GRAI NED

FI LTER PACK MATERI ALS. THEREFORE, LONG TERM CONSTANT- DI SCHARGE TESTS FCR LOWN Yl ELD WELLS WERE CANCELED BASED
ON THE LI M TED ADDI TI ONAL DATA THAT THEY WOULD PROVI DE.

ADDI TI ONAL | NFORVATI ON ON AQUI FER PRCPERTI ES AND BOUNDARY CONDI TI ONS | N THE AFFECTED AREAS OF OLD O FI ELD

W LL BE GATHERED BY TESTI NG EXTRACTI ON VEELLS | NSTALLED DURI NG AN EARLY PERI OD OF THE DESI GV CONSTRUCTI ON
PHASE OF THE REMEDI ATI ON EFFORT. SUI TABLY DESI GNED EXTRACTI ON WELLS, MADE AVAI LABLE BY | MPLEMENTATI ON OF THE
PROPCSED | NTERI M REMEDY, W LL PROVI DE DATA NEEDED FOR EVALUATI NG THE PERFORVANCE OF LONG TERM CR PERMANENT
REMEDI ES. ANALYSI S OF GROUNDWATER FROM THESE WELLS ALSO W LL PROVI DE DATA FOR DESI GN OF THE TREATMENT
SYSTEM AND THE PERFCRVANCE PARAVETERS THAT WLL NEED TO BE MONI TORED.

DESPI TE THE FACT THAT AQUI FER TESTS AT OLD O FI ELD WERE UNABLE TO PROCEED AS I NI TI ALLY PLANNED, THE MODI FI ED
PROGRAM PROVI DED | MPORTANT | NFORMATI ON TO SUPPCORT THE SELECTI ON OF THE PREFERRED EXTRACTI QV DI SCHARGE
ALTERNATI VE, AND PROVI DED ESSENTI AL DATA FOR REFI NEMENT OF GROUNDWATER MODELI NG EFFORTS AND PRELI M NARY

DESI GN OF GROUNDWATER EXTRACTI ON ALTERNATI VES. MORE DETAI LED DI SCUSSI ON OF RELEVANT DATA CAN BE FOUND | N THE
AQUI FER TESTI NG REPORT. | MPORTANT FI NDI NGS CONCERNI NG THE AQUI FER PROPERTI ES AND CHARACTER ARE SUWARI ZED AS
FOLLOWG:

* LEAKAGE THROUGH THE CLAY LAYER BETWEEN THE WATER- TABLE
AQUI FER (WI'A) AND THE UPPER CONFI NED AQUI FER (UCA) OCCURS
ALMOST | NSTANTANEQUSLY AS EVI DENCED BY EARLY- TI ME DRAVWDOMN
IN THE WA (WTH PUMPING IN THE UCA). TH'S VER FI ES THE
ASSUMED HYDRAULI C CONNECTI ON BETWEEN THE TWD SHALLOW
AQUI FERS, AND SUGGESTS THAT SI NGLE EXTRACTI ON VELLS
SCREENED | N BOTH AQUI FERS MAY BE PREFERABLE TO EXTRACTI ON
VELL PAI RS.

* THE SEM - CONFI NING UNI T | S LATERALLY EXTENSI VE | N THE
CONTAM NATED PLUME AREA NORTHEAST OF THE QLD O FI ELD
LANDFI LL, AS EVI DENCED BY EARLY- TI ME DRAVWDOM | N VEELLS
SCREENED | N THE UCA AT THESE LOCATI ONS. EARLY DRAVWOMW
OBSERVED I N MONI TORI NG VELLS SEVERAL FEET AWAY FROM THE
PUWVPI NG VELL | NDI CATE THAT THE AQUI FER I'S UNDER CONFI NI NG
PRESSURES.

* TI DAL CHANGES OBSERVED | N WATSON CREEK ARE RESPONSI BLE FCR
WATER- LEVEL CHANGES IN MONI TORI NG WELLS I N THE WATER
TABLE, UPPER CONFI NED, AND LOAER CONFI NED AQUI FERS.
WATER- LEVEL CHANGES | N VELLS DUE TO TI DAL | NFLUENCES ARE
ROUGHLY HALF THE AMPLI TUDE OF THE TI DES OBSERVED | N WATSON CREEK.

* EXI STI NG MONI TORI NG VEELLS ARE NOT APPRCPRI ATE FOR
GROUNDWATER EXTRACTI ON AS MAXI MUM ATTAI NABLE YIELDS I N
THESE WELLS ARE NOT REPRESENTATI VE OF AQUI FER MATERI ALS.
TH S FACTCR, AS PREVI QUSLY NOTED, APPEARS TO BE RELATED TO
VELL | NEFFI G ENCY RATHER THAN M SI NTERPRETATI ON OF AQUI FER
HYDRAULI C PROPERTI ES.



THE ABOVE FI NDI NGS PROVI DE ADDI TI ONAL DATA FOR ANALYSI S OF THE EXTRACTI OV DI SCHARGE ALTERNATI VES DEVELOPED | N
THE FOCUSED FS, AND SUPPCORT THE SELECTI ON OF THE PREFERRED ALTERNATI VE. THE SHALLOW AQUI FER SYSTEM PRESENT
AT THE SITE, | NCLUDI NG THE WATER- TABLE AQUI FER AND THE UPPER CONFI NED AQUI FER, RESPONDS TO PUMPI NG STRESSES
AS A SINGLE, SEM - CONFI NED, OR LEAKY AQU FER  THE | NTERCONNECTED NATURE OF THESE AQUI FERS PERM TS THE DESI GN
OF A GCROUNDWATER EXTRACTI ON SYSTEM THAT RETRI EVES WATER FROM BOTH HORI ZONS, THEREBY M NI M ZI NG DRAWDOM AND
MAXI M ZI NG THE AREA OF | NFLUENCE FOR EACH EXTRACTI ON WELL. TH S ALLOAS FOR THE | NSTALLATI ON OF THE FEWEST
NUMBER OF WELLS NECESSARY TO CAPTURE CONTAM NANTS EMANATI NG FROM THE FENCED AREA AT OLD O FI ELD. HOWNEVER, AS
PREVI QUSLY NOTED, ADDI TI ONAL TESTI NG (DURI NG THE EARLY STAGES OF EXTRACTI ON SYSTEM DESI GV CONSTRUCTI ON) W LL
BE REQUI RED TO DETERM NE THE EXACT NUMBER AND LOCATI ON OF EXTRACTI ON VELLS REQUI RED FOR THE PREFERRED
ALTERNATI VE, AND TO PROVI DE DETAI LED | NFORVATI ON NEEDED TO COMPLETE THE EXTRACTI ON SYSTEM DESI GN SUCH THAT
ALL CONTAM NANT PLUMES EVANATI NG FROM THE WASTE ARE CAPTURED TO THE MAXI MUM EXTENT PCSSI BLE. BECAUSE OF THE
UNCERTAI NTI ES, STRI NGENT PERFORVANCE MONI TORING W LL BE REQUI RED DURI NG THE | NTERI M REMEDY TO ENSURE PLUME
CONTAI NVENT. | F MONI TORI NG | NDI CATES PLUME CONTAI NMVENT |'S NOT' ACHI EVED, THE EXTRACTI ON SYSTEM W LL BE

MODI FI ED TO ACCOWPLI SH THI S.

4. 2.2 GROUNDWATER EXTRACTI ON DI SCHARGE ALTERNATI VES EVALUATI ON
GROUNDWATER EXTRACTI OV DI SCHARGE ALTERNATI VES ARE EVALUATED.

BELOW W TH RESPECT TO THE NINE CRITERIA SPECIFIED I N SECTION 4.1. A SUWARY OF THE EVALUATI ON RESULTS | S
PRESENTED | N TABLE 8.

OVERALL PROTECTI ON OF HUVAN HEALTH AND THE ENVI RONMENT. ALL OF THE ALTERNATI VES WOULD PROVI DE ADEQUATE
PROTECTI ON OF HUVAN HEALTH AND THE ENVI RONMENT BY PROTECTI NG NEARBY ECOSYSTEMS, M NIM ZI NG THE POTENTI AL

FOR HUVAN EXPCSURE TO CONTAM NANTS' AND PREVENTI NG OFF- SI TE M GRATI ON OF HAZARDOUS SUBSTANCES VI A GROUNDWATER
PATHWAYS. EACH EXTRACTI ON DI SCHARGE ALTERNATI VE CONSI DERED WOULD M NI M ZE ENVI RONVENTAL RI SKS TO SENSI Tl VE
AQUATI C AND TERRESTRI AL ECOSYSTEMS | N WATSON CREEK, GUNPOMADER RI VER, AND THE SURROUNDI NG WETLANDS BY

PREVENTI NG DI SCHARGE OF CONTAM NATED GROUNDWATER TO THESE AREAS. THE EXTRACTI OV DI SCHARGE ALTERNATI VES WOULD
ALSO CONTROL POTENTI AL HUVAN HEALTH RI SKS ASSOCI ATED W TH DI RECT CONTACT, FOOD- CHAI N, SURFACE WATER, AND
GROUNDWATER EXPOSURES THAT COULD RESULT FROM GROUNDWATER CONTAM NATI ON AT THE SI TE.

THE CAPPI NG OF THE LANDFI LL AREA AND THE GROUNDWATER LEVEL CONTROL | NCLUDED | N ALTERNATI VE E-4 COFFERS

ADDI TI ONAL HUVAN HEALTH AND ENVI RONMENTAL BENEFI TS: 1) | T EFFECTI VELY CONTROLS Al R EM SSI ONS FROM THE

DI SPOSAL SITE, | NCLUDI NG DI RECT VOLATI LE EM SSI ONS AND Al RBORNE TRANSPCRT OF CONTAM NATED DUST PARTI CLES; AND
2) |I'T | SOLATES WASTES BENEATH THE CAP AND M NI M ZES DI RECT CONTACT BETWEEN THE WASTES AND THE GROUNDWATER
HOMNEVER, THE EXTREME POTENTI AL SAFETY PROBLEMS ASSOCI ATED W TH ANY DI RECT- 1 NTRUSI ON REMEDI ES SUCH AS CAPPI NG
W LL NEED TO BE ADDRESSED BEFORE TH S ALTERNATI VE COULD BE | MPLEMENTED.

ALTERNATI VE E-5 MAY BE MORE PROTECTI VE THAN SOME OF THE OTHER ALTERNATI VES BECAUSE ADDI TI ONAL CONTAM NATI ON
I'S TRAPPED BY THE EXTRACTI ON SYSTEM WTHI N THE | MMEDI ATE VIC NI TY OF THE LANDFI LL, RATHER THAN AS I T

M GRATES DOMGRADI ENT TOMRD POTENTI AL DI SCHARGE PO NTS. HOMNEVER, UNCERTAI NTY REGARDI NG THE CHEM CAL QUALI TY
AND TREATABI LI TY OF EXTRACTED GROUNDWATER FOLLOW NG SOURCE FLUSHING IS A SI GNI FI CANT POTENTI AL DI SADVANTAGE
FOR TH S ALTERNATI VE | N PROTECTI ON OF HUMAN HEALTH AND THE ENVI RONMENT.  SYSTEM FAI LURE COULD RESULT I N
EXTENSI VE FLUSH NG OF CONTAM NANTS | NTO PREVI QUSLY UNCONTAM NATED ZONES OF THE AQUI FERS, AND GREATLY

I NCREASED MASS LOADI NG TO WATSON CREEK, PCSSIBLY WTH TOXI C EFFECTS.  TH S ALTERNATI VE HAS TOO NMANY AREAS OF
UNCERTAI NTY TO BE RATED AS FULLY PROTECTI VE OF HUMAN HEALTH AND THE ENVI RONVENT.

THE EFFECTI VENESS OF ALTERNATIVE E-6 | S DI FFI CULT TO DEMONSTRATE | N THE FI ELD DUE TO THE H GHLY COVPLEX
NATURE OF THE ALTERNATI VE. HOWEVER, EVEN | F SOVE SYSTEM FAI LURE DCES OCCUR, | T WLL NOT HAVE THE POTENTI ALLY
SEVERE CONSEQUENCES THAT ARE ASSOCI ATED W TH ALTERNATI VE E- 5.

COVPLI ANCE W TH ARARS.

GROUNDWATER EXTRACTI OV DI SCHARGE ALTERNATI VES W LL COWLY W TH CHEM CAL- SPECI FI C ARARS | F ACCOWPAN ED BY
TREATMENT OF EXTRACTED WATER. ATTAI NVENT OF GROUNDWATER DI SCHARGE LI M TATI ONS FOR DI SCHARGE TO GUNPONDER

R VER, WATSON CREEK, ANDY OR RE-1 NJECTI ON | S ADDRESSED UNDER GROUNDWATER TREATMENT ALTERNATI VES. EXTRACTI ON
AND TREATMENT OF CGROUNDWATER MAY EVENTUALLY RESULT | N ATTAI NVENT OF GROUNDWATER REMEDI ATION I N THE



WATER- TABLE AND UPPER CONFI NED AQUI FERS AT THE SI TE; HOWNEVER, A VERY CONSI DERABLE TI ME PERI CD MAY BE REQUI RED
TO REACH THESE CONDI TI ONS BECAUSE OF THE CONTI NUED EXI STENCE OF AN ACTI VE CONTAM NATI ON SOURCE.  ALTERNATI VE
E-4 MAY ACH EVE GROUNDWATER STANDARDS MCRE RAPI DLY BECAUSE THE WASTE | S | SOLATED, HOWEVER, SUCH ATTAI NVENT
MAY BE TEMPCRARY OR | NTERM TTENT AS ADDI TI ONAL CONTAM NANTS ARE LEACHED FROM THE SOURCE. ALTERNATI VE E-5
INITIALLY WLL RESULT I N | NCREASED LEVELS CF CONTAM NANT CONCENTRATI ONS; HOWNEVER, TH S MORE H GHLY

CONTAM NATED WATER W LL BE CAPTURED BY THE EXTRACTI ON SYSTEM AND TREATED TO MEET DI SCHARGE  STANDARDS BEFCRE
RELEASE TO SURFACE WATER OR RE- APPLI CATION TO THE FI ELD. THE FLUSHI NG ACTI ON PROVI DED BY THE RE-1 NJECTI ON OF
TREATED WATER BACK | NTO THE AQUI FER UNDER ALTERNATI VE E-6 WLL A D IN THE ATTAI NVENT CF GROUNDWATER

REMEDI ATI ON, BUT WLL NOT | MPROVE PERFCRVANCE OF THE CONTAI NMVENT CBJECTI VE.

LOCATI ON- SPECI FI C AND ACTI ON- SPECI FI C ARARS THAT APPLY TO GROUNDWATER EXTRACTI ON ARE: 1) OBTAI NING THE
NECESSARY PERM TS ANDY OR COVPLYI NG W TH THEI R SUBSTANTI VE REQUI REMENTS; AND 2) AVO DI NG RESCURCE DAMACE THAT
COULD POTENTI ALLY BE CAUSED BY GROUNDWATER PUMPI NG SUCH AS WETLANDS DEWATERI NG  THE MULTI - LAYER CAP

I NCLUDED I N ALTERNATI VE E-4 WLL COWLY WTH RCRA CLOSURE REQUI REMENTS FOR LANDFI LLS. ALL ALTERNATI VES ARE
EXPECTED TO MEET LOCATI ON AND ACTI ON- SPECI FI C ARARS, | NCLUDI NG PROTECTI ON OF NEARBY WETLANDS AND SATI SFYI NG
TREATED WATER STANDARDS ESTABLI SHED FOR SURFACE WATER DI SCHARGE AND RE- | NJECTI ON.

LONG TERM EFFECTI VENESS AND PERMANENCE.

ASSUM NG THAT THE EXTRACTI ON SYSTEMS ARE OPTI M ZED AND ADEQUATE FLOW RATES CAN BE NMAI NTAI NED TO PROVI DE THE
NECESSARY CAPTURE OF THE CONTAM NATED GROUNDWATER PLUME THAT | S CURRENTLY DI SCHARG NG TO WATSON CREEK THROUGH
THE WATER- TABLE AND UPPER CONFI NED AQUIFERS, I T IS HGHLY LIKELY ALL THE ALTERNATI VES W LL BE EFFECTI VE I N
MEETI NG REMEDI AL ACTI ON CBJECTI VES. AQUI FER REMEDI ATI ON MAY NEVER BE ACCOWPLI SHED, HOWEVER, | F AN ACTI VE
CONTAM NATI ON SOURCE REMAI NS | N PLACE AT OLD O FI ELD. THEREFORE, ANY GROUNDWATER EXTRACTI ON ALTERNATI VE THAT
IS | MPLEMENTED AT THE FI ELD MJUST OPERATE FOR AN | NDEFI NI TE (BUT PROBABLY VERY LONG TIME PERIOCD AND, TO
SOME EXTENT, MJST BE CONSI DERED A NMAI NTENANCE ACTI ON.

THE WASTE | SOLATI ON AFFORDED BY THE CAP | NCLUDED | N ALTERNATI VE E-4 WLL RESTRI CT GROUNDWATER CONTAM NATI ON
BY PROVI DI NG LONG TERM REDUCTI ONS I N THE AMOUNT OF WATER THAT OTHERW SE WOULD PASS THROUGH THE CONTAM NATED
SA LS, THUS REDUCI NG THE GENERATI ON OF CONTAM NATED LEACHATE THAT CQULD M GRATE TO GROUNDWATER. ~ HOMNEVER, THE
CAP WLL NOT PREVENT LI QU D WASTES FROM M GRATI NG TO THE GROUNDWATER BY GRAVI TY ALTHOUGH I T WLL SLOWN THE

M GRATI ON PROCESS. THE LONGEVI TY AND MAI NTENANCE REQUI REMENTS CF THE MULTI - LAYER CAP W LL AFFECT THE

LONG TERM EFFECTI VENESS OF ALTERNATI VE E-4. AFTER APPROXI MATELY 30 YEARS, REPLACEMENT OF THE CAP MAY BE
NECESSARY DUE TO WEATHERI NG AND EROSI ON.  THE LONG TERM EFFECTI VENESS CF ALTERNATI VE E-4 MAY BE NO BETTER
THAN THE MORE SI MPLE AND LESS COSTLY ALTERNATI VE E-1; HOMNEVER, SHORT- TERM BENEFI TS W TH REGARD TO GROUNDWATER
QUALITY NMAY BE SI GNI FI CANT AND ALTERNATI VE E-4 MAY BE VALUABLE AS AN | NTERI M ACTI ON THAT W LL ADDRESS NMAJOR
SI TE PROBLEMS (I.E., POTENTI AL FOR DI RECT CONTACT W TH DI SPCSED MATERI ALS) UNTIL AN ACTI VE SCURCE (QU TWD)
REMEDI ATI ON STRATEGY CAN BE | MPLEMENTED.

A POTENTI AL ADVANTAGE FOR ALTERNATIVE E-5 | S THAT THE EXTRACTI OV SOURCE FLUSHI NG SEQUENCE RESULTS IN A
HYDRAULI C GRADI ENT PATTERN THAT CAUSES RADI AL GROUNDWATER FLOW QUTWARD FROM THE CENTER OF THE LANDFI LL WH CH
RESULTS I N CAPTURE VERY NEAR THE SI TE AND, THEREFORE, VERY SHORT M GRATI ON PATHWAYS; THEREBY M NI M ZI NG

ADDI TI ONAL CONTAM NATI ON OF DOMNGRADI ENT ZONES OF THE AQUI FERS. HOWEVER, THE DI SADVANTAGES  ASSCCI ATED W TH
ALTERNATI VE E-5 ARE LI KELY TO QUTVEI GH ANY POTENTI AL ADVANTACES. THESE DI SADVANTAGES ARE: 1) EXTRACTED WATER
QUALITY IS DI FFI CULT TO PREDI CT AND MAY BE QU TE POCCR AND VARI ABLE MAKI NG TREATMENT MORE DI FFI CULT THAN FOR
OTHER ALTERNATI VES; 2) EFFECTI VENESS OF SOURCE FLUSHI NG | N ACHI EVI NG SOURCE REMEDI ATION IS | MPCSSI BLE TO
PREDI CT AND VERY DI FFI CULT TO MONI TOR BECAUSE OF THE UNKNOWN CHARACTERI STI CS OF THE SOURCE; AND 3) PROBLEMS
W TH RE- I NFI LTRATI ON THROUGH THE SURFACE OF THE FI ELD ARE PGSSI BLE OVER THE LONG TERM AND MAY BE DI FFI CULT
TO SOLVE DUE TO UNEXPLCDED ORDNANCE AND CHEM CAL AGENT HAZARDS ASSOCI ATED WTH ON-SI TE ACTIVITIES; AND 4)
GROUNDWATER MOUNDI NG BENEATH THE DI SPOSAL SI TE CAUSED BY | NCREASED RECHARCGE MAY RESULT | N CONTAM NANT

M GRATI ON | NTO PREVI QUSLY UNCONTAM NATED ZONES OF THE AQUI FER  DESPI TE THESE DI SADVANTACGES, ALTERNATI VE E-5
I'S THE ONLY ALTERNATI VE THAT PROVI DES ANY POTENTI AL FOR ACTI VE SOURCE REMEDI ATI ON AND, THEREFORE, HOLDS A
MAJOR ADVANTAGE OVER ALL OTHER REMEDI ES I N PROVI DI NG A PERVANENT SCLUTI ON TO S| TE PROBLEMS.

POTENTI AL LONG TERM EFFECTI VENESS CONCERNS SPECI FI C TO ALTERNATI VE E-6 | NCLUDE: 1) PERFORVANCE MONI TORI NG AND
EFFECTI VENESS DEMONSTRATI ON OF TH S COWPLEX SYSTEM MAY NOT BE POSSI BLE; 2) OPERATI ONAL PRCBLEMS THAT  MAY
OCCUR W TH RE- I NJECTI ON VEELLS, | NCLUDI NG SCREEN CLOGGE NG, Al RLOCKS, AND METAL PRECI PI TATI ON, AND 3) POSSI BLE



CHANGES | N THE PHYSI CAL AND CHEM CAL CHARACTERI STICS OF THE AQUI FERS (E. G, | RON MANGANESE PRECI PI TATI ON)
THAT MAY RESULT FROM RE- I NJECTI ON OF TREATED WATER COULD AFFECT THE OVERALL PERFORVANCE CF THE EXTRACTI ON
SYSTEM  BASED ON THESE FACTORS, LONG TERM EFFECTI VENESS OF ALTERNATI VE E-6 IS CONSI DERED  QUESTI ONABLE.

REDUCTI ON OF TOXICI TY, MIBILITY, OR VOLUVE THROUGH TREATMENT.

GROUNDWATER EXTRACTI ON AT OLD O FI ELD DOES NOT DI RECTLY AFFECT TOXICG TY OR VOLUME OF CONTAM NANTS CONTAI NED
IN THE GROUNDWATER, BUT RATHER REMOVES CONTAM NATI ON FROM THE AQUI FERS SO THAT TREATMENT CAN BE  PERFORVED.
ALTERNATI VE E-4 WLL REDUCE THE MBI LITY OF WASTES W TH N THE SCURCE AREA BY LI M TI NG THE DEVELCPMENT OF
LEACHATE AND THE DI SSOLUTI ON OF WASTES BY DI RECT CONTACT W TH GROUNDWATER. ALTERNATIVE E-5 WLL INITIALLY
I NCREASE THE MCBI LI TY OF WASTES CONTAI NED W THI N THE LANDFI LL; HOWNEVER, THESE CONTAM NANTS W LL BE CAPTURED
BY THE EXTRACTI ON SYSTEM I N CLOSE PROXIM TY TO THE LANDFI LL.

ALTERNATI VE E-6 LIMTS THE MOBI LI TY OF WASTES M GRATI NG TO WARD WATSON CREEK BY CREATI NG A HYDROLOG C BARRI ER
AND CONTAI NI NG CONTAM NATI ON TO A SVMALL PORTI ON OF THE AQUI FER NEAR THE SCURCE AREA. ALTERNATIVE E-6 ALSO IS
VERY EFFECTI VE | N PREVENTI NG OFF- SI TE M GRATI ON | N THE UPPER CONFI NED AQUI FER, REVERSI NG HYDRAULI C GRADI ENTS
TO PROVI DE MORE EFFECTI VE CAPTURE, AND M NI M ZI NG | NDI RECT | NFI LTRATI ON FROM WATSON CREEK. VERTI CAL GRADI ENT
REVERSAL CAUSED BY THE RE-1 NJECTI ON OF TREATED GROUNDWATER | NTO THE UPPER CONFI NED AQUI FER PREVENTS M GRATI ON
OF CONTAM NANTS FROM THE WATER- TABLE AQUI FER | NTO THE UPPER CONFI NED  AQUI FER

SHORT- TERM EFFECTI VENESS.

ALTERNATI VE E-1 | NVOLVES | NSTALLATI ON OF THE FEWEST NUMBER OF NEW EXTRACTI ON WELLS. REMOTE- DRI LLI NG WLL BE
REQUI RED FOR WELL | NSTALLATI ON AND EXTENSI VE HEALTH AND SAFETY PRECAUTI ONS W LL BE NECESSARY, AND SCPS FOR
THESE ACTIVITIES WLL NEED TO BE DEVELOPED. HEALTH AND SAFETY CONCERNS AND LOGQ STI CAL PROBLEMS ASSOCI ATED

W TH START- UP OF THE EXTRACTI ON SYSTEMS ARE NOT NEGLI G BLE, BUT MAJOR DELAYS OR GREATLY | NCREASED COSTS DO
NOT APPEAR TO BE LI KELY. UNCERTAI NTI ES ALSO EXI ST BECAUSE THE TREATABI LI TY OF THE GROUNDWATER W THDRAWN | N
AN | MPROVED VEELL DESIGN I'S NOT' KNOMN PRECI SELY.

Dl SCHARCE OF TREATED GROUNDWATER TO THE GUNPOADER R VER OR THE OLD O FI ELD AQUI FER SYSTEM W LL REQUI RE

MEETI NG THE SUBSTANTI VE REQUI REMENTS OF NPDES ANDY OR RE- I NJECTI ON PERM TS FOR ALL OF THE EXTRACTI QV DI SCHARGE
ALTERNATI VES. DI SCHARGE REQUI REMENTS MAY BE VERY STRI NGENT AND MAY BE DI FFI CULT TO ESTABLI SH BECAUSE OF THE
CONCERN REGARDI NG POTENTI AL | MPACTS TO THE SENSI TI VE UPPER CHESAPEAKE BAY AREA.

SEVERAL MAJCOR LOG STI CAL AND HEALTH AND SAFETY PROBLEMS W LL NEED TO BE ADDRESSED PRI OR TO | MPLEMENTATI ON OF
ALTERNATI VE E-4, WH CH MAY CAUSE DELAYS AND LIM T SHORT- TERM EFFECTI VENESS OF TH S ALTERNATI VE, | NCLUDING 1)
DETAI LED DEVELCPMENT OF AN APPRCACH FOR | NSTALLATI ON OF THE CAP OVER THE LANDFI LL; AND 2) | NSTALLATI ON CF

C RCUMFERENTI AL VELLS I N VERY CLOSE PROXI M TY TO SUSPECTED DI SPCSAL AREAS. CAPPI NG QLD O FI ELD HAS THE
POTENTI AL TO BE AN EXTREMELY HAZARDOUS ACTI VI TY DUE TO THE PRESENCE OF UNEXPLODED ORDNANCE AND CHEM CAL
WARFARE AGENTS | N THE DI SPOSAL AREA.

| MPLEMENTATI ON OF ALTERNATI VE E-5 MAY | NVOLVE SEVERAL SHORT- TERM PRCBLEMS AS SOVE RESEARCH AND DEVELGPMENT
(E. G, PILOI-SCALE FI ELD TESTS ON A SVALL PORTION OF THE SI TE) MAY BE REQUI RED DUE TO CONSI DERABLE

UNCERTAI NTY THAT EXI STS REGARDI NG | TS PERFOCRVANCE.  MORE | NFORVATI ON ON THE EXPECTED CHEM CAL QUALITY OF THE
EXTRACTED GRCUNDWATER | S NECESSARY TO ENSURE THAT DI SCHARGE LIM TS FROM THE TREATMENT SYSTEM ARE NOT
EXCEEDED.

| MPLEMENTATI ON OF ALTERNATI VE E-6 MAY BE RESTRI CTED BY THE | NABI LI TY TO DEVELOP A PERFORMANCE MONI TORI NG
SYSTEM AND PROGRAM TO BE UTI LI ZED I N THE FI ELD.

| MPLEMENTABI LI TY.
ALTERNATIVE E-1 | S THE MOST SI MPLE, STRAI GHTFORWARD ALTERNATI VE UNDER CONSI DERATI ON.
THE | MPLEMENTABI LI TY OF ALTERNATI VE E-4 IS LIM TED BY HEALTH AND SAFETY HAZARDS ASSOCI ATED W TH | NSTALLATI ON

OF THE CAP WHI CH | NVOLVES WORKI NG WTH I N THE BOUNDARI ES OF OLD O FI ELD. EXTENSI VE SAFETY REVI EWW LL BE
REQUI RED PRI OR TO CONSTRUCTI ON. | N ADDI TI ON, SQVE OF THE LOCATI ONS FOR | NSTALLATI ON OF C RCUMFERENTI AL



WELLS, UTILIZED BY ALTERNATI VES E-4, E-5, AND E-6, ARE IN VERY CLOSE PROXIM TY TO THE DI SPOSAL SI TE
BOUNDARI ES, AND W LL REQUI RE SPECI AL CAUTI ON DURI NG DRI LLI NG AND | NSTALLATI ON ACTI VI TIES, AND PCSSI BLY MORE
EXTENSI VE GECPHYS| CAL CHARACTERI ZATI ONS PRI OR TO DRI LLI NG

FOR ALTERNATI VE E-5, A SPRAY | RRI GATI ON NETWORK WOULD BE REQUI RED TO BE | NSTALLED W THI N THE SOURCE AREA
BOUNDARI ES, WHERE WORK | S GREATLY RESTRI CTED BY ORDNANCE AND CHEM CAL AGENT HAZARDS; HOWEVER, | NSTALLATI ON
AND MAI NTENANCE CAN PROBABLY BE ACH EVED BY USE OF REMOTE EQUI PMENT AND SURFACE SWEEPS BY EXPLOSI VE ORDNANCE
DI SPOSAL EXPERTS TO CLEAR "WORK PATHWAYS'. | MPLEMENTATI ON, HOMNEVER, WLL BE DI FFI CULT BECAUSE OF THE SAFETY
HAZARDS ASSCCI ATED W TH OLD O FI ELD.

THE GREATEST DI FFI CULTY W TH ALTERNATI VE E-6 | S DEVELCPI NG A WORKABLE APPROACH TO DEMONSTRATI NG THE SYSTEM S
EFFECTI VENESS | N THE FI ELD AND MONI TORI NG | TS PERFORNMANCE.

CCST.

THE PRESENT WORTH OF ALTERNATIVE E-1 | S $1, 763, 000 FOR A 30- YEAR PERI OD AT A 5 PERCENT DI SCOUNT RATE.
ALTERNATI VE E-6 HAS A PRESENT WORTH OF $3, 004, 000. ALTERNATIVE E-5 AND E-4 HAVE PRESENT WORTH OF $3. 027, 000
AND $4, 078, 000, RESPECTI VELY.

STATE ACCEPTANCE.

THE STATE OF MARYLAND CONCURS W TH THE SELECTED EXTRACTI OV DI SCHARGE ALTERNATI VE | NDI CATED | N THE DECLARATI ON
AND | N SECTI ON 5. 0.

COVMMUNI TY ACCEPTANCE.

AS MENTI ONED | N SECTION 1.4, THE PUBLI C WAS | NVI TED TO REVI EW THE ADM NI STRATI VE RECORD, ATTEND A PUBLIC
MEETING AND SUBM T COMMENTS ON ALL EXTRACTI OV DI SCHARGE ALTERNATI VES UNDER CONSI DERATI ON.  THE

RESPONSI VENESS SUMVARY PROVI DED | N APPENDI X A G VES A THOROUGH REVI EW CF PUBLI C COMMENTS AS WELL AS ARWY AND
EPA RESPONSES. COVMUNI TY ACCEPTANCE |'S ASSESSED | N DETAIL | N THE RESPONSI VENESS SUMVARY.

4.3 EVALUATI ON OF GROUNDWATER TREATMENT ALTERNATI VES
4. 3.1 GROUNDWATER TREATABI LI TY STUDI ES

THE FEASI BI LI TY STUDY ANALYSI S | NDI CATED A LACK OF PERFORVANCE DATA FOR THE TREATMENT ALTERNATI VES W TH
RESPECT TO CHEM CAL AGENT DEGRADATI ON PRCDUCTS SUCH AS THI ODI GLYCOL, 1, 4-DI TH ANE, AND EXPLCSI VES.

THEREFORE, A SERI ES OF TREATABILITY STUDI ES VERE CONDUCTED TO EVALUATE THE ABILITY OF EACH TREATMENT
ALTERNATI VE TO TREAT OLD O FI ELD GROUNDWATER, AND TO COMPARE THE EFFECTI VENESS OF EACH TREATMENT ALTERNATI VE
I N SATI SFYI NG TREATMENT ARARS. BENCH SCALE TREATABI LI TY STUDI ES WERE CONDUCTED FOR TREATMENT ALTERNATI VES
T-3 THROUGH T-5. TREATMENT ALTERNATI VE T-6 WAS NOT TESTED BECAUSE LI TERATURE STUDI ES | NDI CATED THAT

ACTI VATED SLUDGE FOLLOWED BY CARBON ADSCRPTI ON ( ALTERNATI VE T-5) AND PACT (ALTERNATI VE T-6) PROVI DE
COVPARABLE TREATMENT RESULTS ( REFER TO TABLE 9).

PI LOT- SCALE TESTS, FOR THOSE ALTERNATI VES DETERM NED TO BE EFFECTI VE | N TREATI NG OLD O FI ELD GROUNDWATER
BASED ON BENCH SCALE TESTI NG, WERE THEN CONDUCTED AT COLD O FI ELD USI NG GROUNDWATER EXTRACTED DURI NG THE
AQUI FER PUWPI NG TESTS TO EVALUATE AND COVPARE THE EFFECTI VENESS AND | MPLEMENTABI LI TY OF THE ALTERNATI VES
UNDER ACTUAL FI ELD CONDI TI ONS.

AS NOTED, WATER QUALI TY STANDARDS OR CRI TERI A (AS WELL AS TOXI G TY DATA FOR SOVE COMPQOUNDS) ARE LACKI NG FOR
SEVERAL KEY CHEM CALS OF CONCERN AT OLD O FI ELD, ESPECI ALLY DEGRADATI ON PRCDUCTS OF CHEM CAL AGENTS AND OTHER
M LI TARY- SPECI FI C COVPOUNDS. I N ADDI TIQN, TOXI G TY | NFORVATI ON FOR COVWPLEX M XTURES OF CRGANI C CONTAM NANTS
AND METALS, SUCH AS THOSE PRESENT AT OLD O FI ELD, 1S GENERALLY | NCOVWPLETE, THEREFORE, POSSIBLE SYNERG STIC
EFFECTS OR OTHER | NTERACTI ONS CAN BE VERY DI FFI CULT TO PREDI CT. BASED ON THESE FACTORS, | T WAS CONSI DERED

| MPORTANT TO DEVELCOP DI RECT METHCODS FOR MEASURI NG TREATMENT SYSTEM PERFCRVANCE AS A FUNCTI ON OF OVERALL
REDUCTI ON OF TOXI G TY, RATHER THAN EVALUATI NG SYSTEM PERFORMANCE SOLELY ON THE BASI S OF CHEM CAL REMOVAL

EFFI G ENCY. TO MEET TH S GOAL, SAMPLES OF UNTREATED GROUNDWATER AND UNI T PROCESS EFFLUENTS FROM THE VAR QUS



OPERATIONS (E. G, CHEM CAL PRECI PI TATI ON, UV-OXI DATI ON, Al R STRI PPI NG CARBON ADSCRPTI ON, ACTI VATED SLUDCE)
WERE CCOLLECTED AND USED IN A SERIES OF ACUTE BI OTOXI CI TY STUDI ES | NVOLVI NG SEVERAL AQUATI C CRGANI SM5 THAT
WOULD TYPI CALLY BE FOUND | N ENVI RONMVENTS SI M LAR TO WATSON CREEK (MYSI D SHRI MP, DAPHNI DS, FATHEAD AND
SHEEPSHEAD M NNOAB) . ACUTE BI OTOXI O TY STUDI ES WERE PERFORVED AS PART OF BOTH THE BENCH SCALE AND PI LOT- SCALE
TREATABI LI TY TESTI NG PROGRAMS.  THE RESULTS OF THESE TESTS ARE SUMVARI ZED | N THE PARAGRAPHS BELOW ALONG W TH
TREATMENT SYSTEM PERFCRVANCE DATA. CHRONIC BI OTOXI G TY STUDI ES WERE NOT PERFCRMVED DURI NG TREATABI LI TY

TESTI NG BECAUSE TREATED EFFLUENT WAS NOT GENERATED OVER THE TI ME FRAME REQUI RED FOR THE STUDIES. CHRONI C
BIOTOXICI TY STUDIES WLL BE PERFORMED DURI NG START- UP OF THE FULL- SCALE TREATMENT SYSTEM AND AS PART CF A
MONI TORI NG PROGRAM DURI NG OPERATI ON. RESULTS OF CHRONIC STUDI ES W LL BE PRESENTED IN THE FI NAL RCD FOR QLD
O FI ELD.

CHEM CAL PRECI PI TATI ON.

CHEM CAL PRECI PI TATI ON USI NG LI ME TO RAI SE THE PH CF THE GROUNDWATER TO 11. 0 WAS DETERM NED TO PROVI DE THE
BEST METALS REMOVAL BASED ON BENCH- SCALE TESTI NG RESULTS. TABLE 10 PRESENTS METALS REMOVAL DATA FROM THI S
CHEM CAL PRECI PI TATI ON BENCH SCALE TEST. THE DATA DEMONSTRATE THAT CHEM CAL PRECI Pl TATION | S EFFECTI VE I N
REDUCI NG METALS CONCENTRATI ONS AND MEETI NG MCLS AND AWQCS W TH THE EXCEPTI ON OF | RON WHI CH HAD A

CONCENTRATI ON OF 701 UG L AFTER PRECI PI TATI ON COMPARED TO | TS SECONDARY MCL OF 300 UG L. SECONDARY MCLS ARE
ESTABLI SHED FCR CONTAM NANTS THAT PRI MARI LY AFFECT THE AESTHETI C QUALI TY RELATI NG TO THE PUBLI C ACCEPTANCE OF
DRI NKI NG WATER AND ARE NOT HEALTH BASED CR FEDERALLY ENFORCEABLE. CALCI UM CONTENT | NCREASED SUBSTANTI ALLY DUE
TO THE ADDI TION OF LI ME. THE CHEM CAL PRECI Pl TATI ON PROCESS WAS FCUND TO ELI M NATE THE ACUTE TOXICI TY TO
FATHEAD M NNOAS AND DAPHNI DS EXH Bl TED BY THE UNTREATED CGROUNDWATER

A CONTI NUOUS FLOW PI LOT- SCALE CHEM CAL PRECI Pl TATI ON STUDY WAS PERFCRVED OVER A FOUR-DAY PERICD. THE

PI LOT- SCALE STUDY WAS OPERATED UNDER THE SAME PH CONDI TI ONS AS THE BENCH- SCALE STUDY. TABLE 11 PRESENTS
METALS REMOVAL DATA FOR CHEM CAL PRECI Pl TATI ON FROM DAY 3 OF THE PI LOT- SCALE TEST. THE DATA DEMONSTRATE THAT
CHEM CAL PRECI PI TATION | S EFFECTI VE | N REDUCI NG METALS CONCENTRATI ONS AND SATI SFYI NG MCL/ AWXC CRI TERIA W TH
THE EXCEPTI ON CF | RON AND LEAD. | RON WAS PRESENT AT 442 UG L FOLLOW NG PRECI Pl TATI ON COMPARED TO I TS
SECONDARY MCL OF 300 UG L. LEAD WAS PRESENT AT 5.80 UG L COWARED TO A FRESHWATER CHRONI C AWXC COF 3.20 UG L
AND MARI NE CHRONIC AWXC OF 5.6 UG L. LEAD WAS, HOAEVER, REDUCED BELOWI TS MCL AND ACUTE AWXS. Pl LOT- SCALE
CHEM CAL PRECI PI TATI ON WAS CONDUCTED W THOUT THE BENEFI T OF FI ELD DATA NECESSARY TO OPTI M ZE OPERATI NG
PARAMETERS SUCH AS PH. | T IS PGSSI BLE THAT SYSTEM PERFORVANCE COULD HAVE BEEN | MPROVED | F FI ELD DATA WERE
AVAI LABLE TO MAKE FI ELD ADJUSTMENTS. CALCI UM WAS ALSO FOUND TO | NCREASE DUE TO LIME  ADDITION. THE CALCI UM
CAME FROM CALCI UM SULFATE SOLI DS PRODUCED DURI NG NEUTRALI ZATI ON OF THE GROUNDWATER W TH SULFURIC ACID. THE
CALCI UM LEVEL IN THE FI NAL EFFLUENT CAN BE REDUCED BY FI LTERI NG THE GROUNDWATER  FOLLOW NG NEUTRALI ZATI ON
WTH A MULTI-MEDI A FILTER  THE CHEM CAL PRECI Pl TATI ON PROCESS WAS FOUND TO ELI M NATE THE ACUTE TOXIC TY TO
FATHEAD M NNOWS, DAPHNI DS, SHEEPSHEAD M NNOA5, AND MYSI D SHRI MP EXHI BI TED BY THE UNTREATED GROUNDWATER

Al R STRI PPl NG CARBON ADSCRPTI ON.

THE BENCH SCALE Al R STRI PPI NG PROCESS CONSI STED OF AERATI NG METALS- PRETREATED GROUNDWATER | N SEALED 55- GALLON
DRUMBS USI NG COWPRESSED Al R AT 3 CFM  AERATI ON CONTI NUED FOR 18 HOURS AFTER WH CH VOLATILE  EM SSI ONS
MEASURED LESS THAN 1 PPM WTH AN HNU METER. THE AERATED GROUNDWATER WAS THEN SENT THROUGH THREE CONTI NUOUS
FLOW CARBON ADSCRPTI ON COLUWNS ARRANGED I N SERIES OVER A PERICD OF 10 DAYS. TABLE 12 PRESENTS CRGANI CS
REMOVAL DATA FROM THE Al R STRI PPI NG CARBON ADSORPTI ON BENCH- SCALE TEST FOLLOW NG CARBON COLUWN 3 ON THE FI RST
DAY OF OPERATI ON. THE DATA DEMONSTRATE THAT Al R STRI PPI NG FOLLOMED BY CARBON ADSCRPTION | S EFFECTI VE I N
REDUCI NG VOLATI LE ORGANI C CONTAM NANT CONCENTRATI ONS AND SATI SFYI NG MCL/ AWQC CRI TERI A FOR THESE COVPOUNDS
WTH THE EXCEPTI ON OF CARBON TETRACHLCORI DE AND TETRACHLORCETHYLENE. CARBON TETRACHLCORI DE HAD A

CONCENTRATI ON AFTER CARBON ADSCRPTION OF 10 UG L COWPARED TO I TS MCL OF 5 UG L. THE TOTAL CONCENTRATI ON OF
1,1, 2, 2- TETRACHLORCETHANE AND TETRACHLORCETHYLENE WAS 48 UG L AFTER CARBON ADSCRPTI ON COVPARED TO THE MCL FOR
TETRACHLORCETHYLENE OF 5 UG L. ORGANCSULFUR, ORGANOPHOSPHORUS, AND EXPLCS| VE COVPOUNDS WERE ALL REDUCED TO
BELOW DETECTI ON LI M TS AFTER CARBON ADSCRPTI ON.  FI NAL EFFLUENT WATER EXH Bl TED NO ACUTE TOXI CI TY TO FATHEAD
M NNOAS AND DAPHNI DS.

THE PI LOT- SCALE Al R STRI PPI NG CARBON ADSORPTI ON TREATMENT SYSTEM WAS A CONTI NUQUS- FLOW PROCESS WH CH OPERATED
OVER A TWO- DAY PERI OD. METALS- PRETREATED GROUNDWATER | NI TIALLY WAS PUMPED TO A 16-1 NCH DI AMETER Al R STRI PPER
CONTAI NI NG 20 FEET OF PACKING THE Al R-TO-WATER RATI O I N THE STRI PPER WAS NMAI NTAI NED AT 120:1. EM SSI ONS



FROM THE Al R STRI PPER VERE DI RECTED TO A VAPOR- PHASE CARBON ADSCRPTION UNIT. FOLLON NG Al R STRIPPI NG THE
GROUNDWATER WAS PUMPED TO FI VE CARBON ADSCORPTI ON UNI TS | NSTALLED I N SERIES. TH S ARRANGEMENT ALLOWED
COLLECTI ON OF CONTAM NANT BREAKTHROUGH DATA WHI LE MAI NTAI NI NG FI NAL EFFLUENT QUALI TY. TABLE 13 PRESENTS
ORGANI CS REMOVAL DATA FOR THE Al R STRI PPl NG CARBON ADSCRPTI ON PI LOT- SCALE TEST.  CONCENTRATI ONS LI STED FCR
GROUNDWATER FOLLOW NG CHEM CAL PRECI PI TATI ON ARE FROM AN Al R STRI PPI NG | NFLUENT SAMPLE CCLLECTED FOLLOW NG
TREATMENT OF 12, 600 GALLONS OF CROUNDWATER. THI 'S WAS THE FI NAL | NFLUENT SAMPLE COLLECTED.  CONCENTRATI ONS
LI STED FOR GROUNDWATER FOLLOW NG Al R STRI PPI NG AND EACH OF THE FI VE CARBON UNI TS ARE FROM SAMPLES COLLECTED
DURI NG THE FI NAL SAMPLI NG EVENT AFTER TREATMENT OF 18, 500 GALLONS OF GROUNDWATER. THE DATA DEMONSTRATE THAT
AR STRI PPI NG FOLLOAED BY CARBON ADSCRPTI ON | S EFFECTI VE | N REDUCI NG VOC CONCENTRATI ONS AND SATI SFYI NG

MCL/ AWXC CRI TERI A FOR THESE COVPOUNDS. THE CARBON ADSCORPTI ON DATA | NDI CATES THAT, EVEN AFTER TREATMENT OF
18, 500 GALLONS, VOC CONCENTRATI ONS WERE REDUCED TO LEVELS BELOW THE PRACTI CAL QUANTI TATION LIMTS. CARBON
ADSCORPTI ON ALSO TREATED ORGANCSULFUR AND EXPLOSI VE COVPOUNDS TO BELOW DETECTI ON LI M TS. CONTAM NANT
BREAKTHROUGH WAS OBSERVED IN THE FIRST TWO UNITS FOR TH OO GLYCOL AND IN THE FIRST UNIT FCR 1, 4- OXATH ANE.
DATA ON COVPOUNDS EXH Bl TI NG BREAKTHROUGH ARE NECESSARY TO PRCPERLY Sl ZE A FULLSCALE CARBON ADSORPTI ON
SYSTEM W TH TH S DATA, A FULL SCALE SYSTEM CAN BE DESI GNED SUCH THAT RESI DUAL VOCS AS WELL AS TH CDI GLYCCL
AND 1, 4- OXATH ANE W LL BE TREATED TO NEAR OR BELOW DETECTI ON LIM TS ALONG W TH THE REVAI Nl NG CRGANI C

CONTAM NANTS. THE EFFLUENT FROM THE FI NAL CARBON  ADSORPTION UNIT WAS NOT ACUTELY TOXI C TO FATHEAD M NNOWS,
DAPHNI DS, SHEEPSHEAD M NNOW5, AND MYSI D SHRI MP.

ULTRAVI CLET- OXI DATI ON.

THE BENCH- SCALE UV- OXI DATI ON STUDY WAS CONDUCTED ON METALS- PRETREATED GROUNDWATER | N AN ENCLOSED REACTOR
OPERATI NG I N A RECYCLE BATCH MCDE. A H GH I NTENSI TY UV- LAMP WAS USED | N THE REACTOR ALONG W TH HYDROGEN
PEROXI DE AS AN OXI DANT. A HYDROGEN PEROXI DE CONCENTRATI ON OF 25 MJ L WTH 8 M NUTES OF EXPOSURE TI ME,
DETERM NED TO BE NECESSARY FOR COVPLETE CONTAM NANT DESTRUCTI ON BASED ON PRELI M NARY TESTI NG WAS UTI LI ZED.
I'N ADDI TION, A CONTROL TEST, USI NG AN EXTERNAL HEAT SOURCE RATHER THAN WV LI GHT, WAS CONDUCTED TO DETERM NE
WHETHER VOC REDUCTI ON COULD BE ATTRI BUTED TO VAPCRI ZATI ON FROM TEMPERATURE | NCREASES CAUSED BY THE W LI GHT
RATHER THAN DESTRUCTI ON. TABLE 14 PRESENTS ORGANI CS REMOVAL DATA FROM THE WV- OXI DATI ON BENCH- SCALE STUDY.
THE DATA DEMONSTRATE THAT UV- OXI DATI ON | S EFFECTI VE | N REDUCI NG VOLATI LE ORGANI C COVPOUND CONCENTRATI ONS AND
SATI SFYI NG MCL/ AWC CRI TERI A FOR THESE COVPOUNDS. 1, 4- DI THI ANE, 1, 4- OXATHI ANE, AND RDX WERE ALL REDUCED TO
BELOW DETECTI ON LIM TS FOLLOAN NG UV- OXI DATION.  TH ODI GLYCOL WAS REDUCED TO 13.2 UG L AND

1, 3, 5- TRI Nl TROBENZENE WAS REDUCED TO 1.12 UG L. THERE ARE NO MCL OR AWXC CRI TERI A FOR THESE COWPCUNDS. THE
UV- OXI DATI ON CONTROL SAMPLE SHOWS SOME REDUCTI ON OF VOCS DUE TO VOLATI LI ZATI ON, HONEVER, THE MAJORITY OF VOC
REMOVAL CAN BE ATTRI BUTED TO DESTRUCTI ON | N THE UV- OXI DATI ON PROCESS RATHER THAN THROUGH VCOLATI LI ZATI O\

FI NAL EFFLUENT WATER WAS NOT ACUTELY TOXI C TO FATHEAD M NNOAS AND DAPHNI DS.

METALS- PRETREATED GROUNDWATER WAS TREATED I N A SEM - CONTI NUQUS MCODE | N A PI LOT- SCALE ULTRAVI CLET- OXI DATI ON
UNI T WH CH HOUSED FOUR H GH | NTENSI TY 15- KW LAMPS MOUNTED I N SERIES. HYDROGEN PEROXI DE WAS USED AS THE

OXI DANT. AFTER EXI TI NG THE REACTOR, TREATED WATER PASSED THROUGH A MANGANESE- GREENSAND FI LTER TO REDUCE
RESI DUAL HYDROGEN PEROXI DE TO LESS THAN 1 PPM  TABLE 15 PRESENTS ORGANI CS REMOVAL DATA FCR THE

ULTRAVI CLET- OXI DATI ON PI LOT- SCALE TEST. CONCENTRATI ONS LI STED FOR GROUNDWATER FOLLOW NG CHEM CAL

PRECI PI TATI ON ARE FROM DAY 2 OF OPERATI ON WH CH REPRESENT THE FEED WATER TO THE WV- OXI DATI ON TESTS. THE
UV- OXI DATI ON RESULTS ARE FOR THE TEST RUN WHI CH YI ELDED THE BEST OXI DATI ON RATES (I1.E., AN I N TI AL HYDROGEN
PEROXI DE DOSACGE OF 60 MJ L). THE DATA DEMONSTRATE THAT UWV- OXI DATION | S EFFECTI VE | N REDUCI NG VOC
CONCENTRATI ONS AND SATI SFYI NG MCL/ AWQC CRI TERIA. ORGANCSULFUR AND EXPLGSI VE COVMPOUNDS WERE ALSO REDUCED TO
LEVELS BELOW DETECTION LI M TS. EXCEPT FCR 1, 3, 5- TRI Nl TROBENZENE WHI CH WAS DETECTED AT 0.528 UG L. THERE ARE
NO MCLS OR AWXCS FOR THESE COVPOUNDS. THE FI NAL UV- OXI DATI ON EFFLUENT EXHI BI TED NO ACUTE TOXICI TY TO FATHEAD
M NNOAS, DAPHNI DS, SHEEPSHEAD M NNOAS, AND MYSI D SHRI MP.

ACTI VATED SLUDGE/ CARBON ADSORPTI ON.

BENCH SCALE ACTI VATED SLUDGE TESTI NG CONSI STED OF AN AERATI ON REACTCR AND A SETTLI NG COLUWN.  EFFLUENT FROM
THE REACTOR ENTERED THE SETTLI NG COLUW WHERE THE SLUDGE WAS RECYCLED BACK TO THE AERATI ON BASIN. THE SYSTEM
WAS DESI GNED TO OPERATE AS A CONTI NUCQUS- FLOW PROCESS ALLON NG A 12- HOUR RETENTION TIME.  THE SLUDGE WAS

ACCLI MATED OVER A 4-DAY PERICD WTH A M XTURE OF GROUNDWATER AND SEWAGE. AFTER ACCLI MATI ON, THE SYSTEM
OPERATED 24 HOURS PER DAY FOR 22 CONSECUTI VE DAYS. IN ADDI TION, A CONTRCL TEST, WHEREBY METALS- PRETREATED
GROUNDWATER WAS SENT THROUGH THE PROCESS W THOUT SLUDGE UNDER OTHERW SE NORMAL CPERATI NG CONDI TI ONS FOR 12



HOURS, WAS CONDUCTED TO DETERM NE WHETHER VOC REDUCTI ON | N THE GROUNDWATER COULD BE ATTRI BUTED TO | NADVERTENT
Al R STRI PPI NG DURI NG AERATI ON I N THE REACTOR RATHER THAN BI CDEGRADATI ON

TABLE 16 PRESENTS ORGANI CS REMOVAL DATA FOR ACTI VATED SLUDGE COLLECTED AFTER 22 DAYS OF CPERATION. THE DATA
DEMONSTRATE THAT ACTI VATED SLUDGE | S EFFECTI VE | N REDUCI NG VOC CONTAM NANT CONCENTRATI ONS AND SATI SFYI NG

MCL/ AWXC CRI TERIA W TH THE EXCEPTI ON CF 1, 2- DI CHLOROETHANE, TETRACHLORCETHYLENE, TRI CHLORCETHYLENE, AND
BENZENE, WH CH WERE PRESENT AT 8.3, 19, 7.3, AND 7.6 UG L, RESPECTIVELY (THE MCL FOR EACH OF THESE COVPQUNDS
IS5 UFL). THOD GLYCO, 1,4-OXATH ANE, AND HWX WERE ALL REDUCED BELOW DETECTI ON LIM TS FOLLOW NG ACTI VATED
SLUDGE TREATMENT. 1, 4-D TH ANE WAS REDUCED TO 36 UJ L, AND DI METHYL METHYLPHOSPHONATE (DMWP) WAS REDUCED TO
10.2 UG L. THERE ARE NO MCL OR AWQC CRI TERI A FOR THESE COVPOUNDS. ALTHOUGH THE DATA ARE NOT PRESENTED,
CARBON ADSCRPTI ON FOLLOW NG ACTI VATED SLUDGE WAS EFFECTI VE | N REDUCI NG THE REMAI NI NG ORGANI C CONTAM NANTS.
THE FI NAL EFFLUENT FOLLOW NG CARBON ADSORPTI ON WAS NOT ACUTELY TOXI C TO FATHEAD M NNOAS AND DAPHNI DS.
ALTHOUGH THE ACTI VATED SLUDGE RESULTS PRESENTED | N TABLE 16 SEEM SOVEWHAT PROM SI NG THE CONTRCL TEST RESULTS
DEMONSTRATE THAT MJCH OF THE VOC REDUCTI ON CAN BE ATTRI BUTED TO VCOLATI LI ZATI ON RATHER THAN Bl CDEGRADATI ON.

I'N ADDI TI ON, TOTAL ORGANI C CARBON (TOC) DATA COLLECTED DURI NG THE ACTI VATED SLUDGE BENCH SCALE TEST ( TABLE
17) |1 NDI CATE THAT THE SYSTEM DI D NOT REACH STEADY STATE W THI N THE 22 DAYS OF OPERATION (I.E., THE EFFLUENT
TOC CONTENT | S H GHLY VARIABLE). TH S I NABI LI TY TO REACH STEADY STATE HAS BEEN ATTRI BUTED TO THE LEVEL OF
ORGANI C CONTAM NATI ON | N THE GROUNDWATER WHICH IS TOO LON TO MAI NTAIN A HEALTHY Bl OVASS AS DEMONSTRATED BY
THE SLUDGE CULTURE WH CH WAS SLOALY DYI NG OFF. SI NCE THE ACTI VATED SLUDGE SYSTEM PROVED TO BE UNSTABLE G VEN
THE ORGANI C CONTAM NANT LEVELS IN THE OLD O FI ELD GROUNDWATER AND MUCH OF THE VOC REDUCTI ON WAS DUE TO

VOLATI LI ZATI ON RATHER THAN Bl ODEGRADATI ON, ACTI VATED SLUDGE TREATMENT WAS DETERM NED TO BE | N APPROPRI ATE FOR
APPLI CATI ON AT OLD O FI ELD AND NO PI LOT- SCALE TESTI NG WAS PERFCRMVED. ACTI VATED SLUDGE FOLLOWED BY CARBON
ADSORPTI ON OFFERS NO BENEFI TS OVER THE OTHER TREATMENT ALTERNATI VES.

4. 3. 2 GROUNDWATER TREATMENT ALTERNATI VES EVALUATI ON

GROUNDWATER TREATMENT ALTERNATI VES ARE EVALUATED BELOW W TH RESPECT TO THE NI NE CRI TERI A SPECI FI ED | N SECTI ON
4.1. A SUMVARY OF THE EVALUATI ON RESULTS IS PRESENTED | N TABLE 18.

OVERALL PROTECTI ON OF HUVAN HEALTH AND THE ENVI RONMENT.

ALL OF THE ACTI VE GROUNDWATER TREATMENT ALTERNATI VES (T-3 THROUGH T-6) WOULD BE DESI GNED TO REDUCE THE

CHEM CAL CONCENTRATI ONS | N THE GROUNDWATER TO BELOW MCL/ AWQC CRI TERI A, THUS ADEQUATELY PROTECTI NG HUVAN
HEALTH AND THE ENVI RONVENT. GROUNDWATER TREATMENT ALTERNATI VES, WHEN COUPLED W TH A COVPLEMENTARY
GROUNDWATER EXTRACTI OV DI SCHARGE ALTERNATI VE, W LL PROVI DE ACTI VE REMEDI ATI ON OF THE CONTAM NATED
GROUNDWATER, THUS REDUCI NG FUTURE RI SK ASSOCI ATED W TH THE SI TE. BECAUSE THE "NO ACTI ON' AND "M NI VAL ACTI ON'
ALTERNATI VES ARE NOT PROTECTI VE OF HUVAN HEALTH AND THE ENVI RONMENT, THEY ARE NOT CONSIDERED FURTHER I N
THI'S ANALYSI S AS OPTIONS FOR TH S SI TE

COVPLI ANCE W TH ARARS.

ALL OF THE ACTI VE TREATMENT ALTERNATI VES SHALL MEET THEI R RESPECTI VE APPLI CABLE OR RELEVANT AND APPRCPRI ATE
REQUI REMENTS OF FEDERAL AND STATE ENVI RONMENTAL LAWS AND WOULD BE OPERATED | N ACCORDANCE W TH ALL FEDERAL AND
MARYLAND TREATMENT FACI LI TY REQUI REMENTS. TREATMENT SYSTEMB SHALL BE DESI GNED TO REDUCE CHEM CAL

CONCENTRATI ONS | N THE GROUNDWATER TO BELOW MCL/ AWXC CRI TERI A FOR EACH CHEM CAL PRESENT FOR WHI CH SUCH
STANDARDS EXI ST. TARCGET LEVELS SPECI FI ED FOR GROUNDWATER TREATMENT, WHETHER THEY ARE STATUTORY CR

Rl SK- BASED, ARE EXPECTED TO BE SUFFI CI ENTLY LOW SUCH THAT RE- | NJECTI ON ANDY OR SURFACE WATER DI SCHARGE

REQUI REMENTS ARE ALSO SATI SFI ED.  ALL ACTI VE GROUNDWATER TREATMENT ALTERNATI VES ARE EXPECTED TO COWPLY W TH
ALL ARARS RELATED TO THE GROUNDWATER MEDI A BY TREATI NG EXTRACTED GROUNDWATER TO ACCEPTABLE LEVELS FOR

DI SCHARCE TO THE GUNPOADER RI VER

AR STRIPPING | S A CRCSS- MEDI A TREATMENT TECHNI QUE; THAT IS, I T SOLVES THE GROUNDWATER PRCBLEM BY

TRANSFERRI NG CONTAM NATI ON TO THE ATMOSPHERE. Al R EM SSI ONS REGULATI ONS ESTABLI SHED BY THE STATE OF MARYLAND
AND THE EPA WLL REQUI RE CONTROL OF VOLATILE ORGANIC EM SSI ONS FROM THE Al R STRIPPER ADDI TION CF El THER A
VAPOR- PHASE CARBON ADSORPTI ON UNIT CR A CATALYTI C CONVERTER SHOULD BE ADEQUATE TO MEET ACTI ON- SPECI FI C ARARS.

AS DEMONSTRATED DURI NG BENCH SCALE TREATABI LI TY TESTI NG BI OLOG CAL TREATMENT TECHNI QUES ( ALTERNATI VES T-5



AND T-6) ARE LI KELY TO REMOVE VOLATI LE ORGANI C CONTAM NANTS THROUGH Al R STRI PPI NG RATHER THAN Bl CDEGRADATI ON.
CONTROL OF AIR EM SSIONS TO COVPLY W TH Al R EM SSI ONS REGULATI ONS ESTABLI SHED BY THE STATE OF MARYLAND AND
THE EPA WOULD BE MCORE DI FFI CULT TO | MPLEMENT THAN FOR AN Al R STRI PPER

ALL OF THE ACTI VE CROUNDWATER TREATMENT ALTERNATI VES GENERATE A PRECI PI TANT SLUDGE. THE PRECI Pl TANT SLUDCGE
WLL REQU RE TOXI G TY CHARACTERI STI C LEACH NG PROCEDURE ( TCLP) ANALYSI S PRI OR TO DI SPOSAL AT A RCRA PERM TTED
FACI LITY. FAI LURE TO PASS THE TCLP TEST MAY RESULT I N THE NEED FOR SLUDGE STABI LI ZATI ON CR SCLI DI FI CATION I N
ORDER TO MEET RCRA ARARS. | NI TIAL ANALYSES OF THE PRECI Pl TANT SLUDGES FROM BENCH- SCALE AND PI LOT- SCALE
TREATABI LI TY TESTI NG | NDI CATE THAT THE SLUDGE |'S NON- HAZARDQUS.  HOWEVER, CHANGES | N THE CONTAM NANT MAKE- UP
OF THE GROUNDWATER CCOULD | MPACT THE COWMPCSI TI ON OF THE PRECI PI TANT SLUDCGE SO THAT I T | S HAZARDQOUS.

ALTERNATI VES T-3 AND T-5 ALSO GENERATE SPENT CARBON. TYPI CALLY, ACTIVATED CARBON VENDCORS SUPPLY THE CARBON
AS VELL AS HANDLE REMOVAL AND REGENERATI ON OF SPENT CARBON. | NI TIAL ANALYSES OF THE SPENT CARBON FROM
BENCH- SCALE AND PI LOT- SCALE TREATABI LI TY TESTI NG | NDI CATE THAT THE SPENT CARBON | S NON- HAZARDCOUS.

THE UV- OXI DATI ON PROCESS USED | N ALTERNATI VE T-4 CGENERATES NO SLUDGE OR Al R EM SSI ONS.

ALTERNATI VES T-5 AND T-6 ALSO GENERATE Bl OLOG CAL TREATMENT SLUDGE. THE Bl OLOG CAL SLUDCGE WLL REQU RE TCLP
ANALYSI S PRI OR TO DI SPCSAL AT A RCRA PERM TTED FACI LITY. FAILURE TO PASS THE TCLP TEST MAY RESULT IN THE
NEED FOR STABI LI ZATI ON OR SOLI DI FI CATION | N CRDER TO MEET ARARS. I NI TIAL ANALYSES OF THE SPENT ACTI VATED
SLUDCGE FROM BENCH SCALE TREATABI LI TY TESTI NG | NDI CATE THAT THE SLUDGE | S NON- HAZARDOUS, EXCEPT  PCSSIBLY FOR
THE CHARACTERI STI C OF REACTIVITY.

LONG TERM EFFECTI VENESS AND PERVANENCE.

ALL OF THE ACTI VE GROUNDWATER TREATMENT ALTERNATI VES UTI LI ZE PRECI PI TATI ON FOR METALS REMOVAL. PRECI Pl TATI ON
I'S CONTRCLLED BY THE SOLUBI LI TY OF THE | NORGANI C SPECIES, WHICH IS IN TURN CONTROLLED BY THE PH CF THE
GROUNDWATER. AT THE CPTI MUM PH RANGE FOR THE METALS PRESENT | N THE GROUNDWATER, | T | S EXPECTED THAT METALS
AND | NCRGANI C CONTAM NANTS PRESENT | N THE GROUNDWATER AT OLD O-FI ELD WLL BE EFFECTI VELY PRECI Pl TATED BASED
ON THE GROUNDWATER TREATABI LI TY TESTI NG RESULTS DESCRI BED ABOVE.

ALTERNATI VE T-3 UTILIZES AIR STRI PPI NG I N COVBI NATI ON W TH CARBON ADSORPTI ON TO REMOVE CRGANI C CONTAM NANTS
FROM THE GROUNDWATER. Al R STRIPPING IS CONTROLLED BY THE VOLATI LI TY OF EACH | NDI VI DUAL CHEM CAL AS MEASURED
BY THE HENRY' S LAW CONSTANT, WH CH ACCOUNTS FOR THE COVPOUND S SCLUBI LI TY AND VAPCR PRESSURE, AMONG OTHER
PARAMETERS. Al R STRI PPI NG WORKS BEST FCR CONTAM NANTS W TH H GH VOLATI LI TY AND LOW SOLUBI LI TY; THE H GHER
THE HENRY' S LAW CONSTANT, THE EASIER THE CHEM CAL IS REMOVED VIA AIR STRIPPING Al R STRI PPl NG CAN ACH EVE
90+ PERCENT REMOVAL EFFI G ENCY FOR MANY ORGANI C CONTAM NANTS BASED ON THE GROUNDWATER TREATI Bl LI TY TESTI NG
RESULTS DESCRI BED ABOVE. GENERALLY, A COVWPQOUND S SOLUBI LI TY AND ABSCRBABI LI TY ARE | NVERSE (I.E., THE MORE
SOLUBLE A COMPQUND |'S, THE LESS | T ADSCRBS TO ACTI VATED CARBON). THECRETI CALLY, CARBON ADSORPTI ON | S CAPABLE
OF REDUCI NG CRGANI C CONTAM NANTS TO NON- DETECTABLE LEVELS AS  LONG AS ADEQUATE CARBON DEPTH, AND THEREFORE
CONTACT TIME, IS AVAI LABLE. Al R STRI PPERS AND ACTI VATED CARBON ADSORPTI ON ARE COFTEN USED | N CONJUNCTI ON AND
COVPLEMENT EACH OTHER S EFFECTI VENESS. MANY OF THE CHEM CALS IN OLD O FI ELD GROUNDWATER HAVI NG RELATI VELY
SHORT ACTI VATED CARBON BREAKTHROUGH Tl MES ARE VOLATI LE AND MAY BE READI LY REMOVED VI A Al R STRI PPI NG

CONTAM NANTS SUCH AS 1, 1, 2, 2- TETRACHLORETHANE, THI CDI GLYCOL, AND 1, 4-Di THI ANE ARE NOT EFFECTI VELY REMOVED VI A
AR STRIPPI NG HOAEVER, THESE CONTAM NANTS ARE EFFECTI VELY CAPTURED BY THE ACTI VATED CARBON UNI T AS
DEMONSTRATED BY CROUNDWATER TREATABI LI TY TESTI NG

ALTERNATI VE T-4 UTI LI ZES UV- OXI DATI ON TO DESTROY ORGANI C CONTAM NANTS.

TREATABI LI TY DATA | NDI CATE THAT UWV- OXI DATI ON W LL DESTROY MOST, |F NOT ALL, OF THE ORGANI C GROUNDWATER
CONTAM NANTS PRESENT AT OLD O FI ELD | NCLUDI NG THI CDI GLYCOL AND 1, 4-Di THE ANE.  OXI DATI ON MAY TAKE LONGER OR
REQUI RE GREATER DOSAGES FOR LOW MOLECULAR VI GHT POLAR COVPOUNDS (E. G CHLOROFORM AND COWVPLEX ORGANI C
COVPOUNDS BUI LT AROUND A BENZENE RI NG STRUCTURE (E. G, POLYNUCLEAR AROVATI C HYDROCARBONS). THESE COVPOUNDS,
THEREFORE, ARE THE RATE LI M TI NG COMPOUNDS.

ALTERNATI VE T-5 UTI LI ZES Bl OLOGd CAL TREATMENT (E. G, ACTI VATED SLUDGE) AND CARBON ADSCRPTI ON FCR
DESTRUCTI OV REMOVAL OF ORGANI C CONTAM NANTS FROM THE GROUNDWATER.  ACTI VATED SLUDGE HAS BEEN APPLIED TO



NUMERQUS | NDUSTRI AL WASTEWATERS CONTAI NI NG A W DE VARI ETY OF CRGANI C COVPOUNDS. ADDI TI ON OF ACTI VATED CARBON
PCLI SHING UNI TS GENERALLY | MPROVES THE OVERALL ORGANI C REMOVAL EFFI CI ENCY OF THE Bl OLOG CAL TREATMENT SYSTEM
TREATABI LI TY DATA | NDI CATE THAT Bl OLOG CAL TREATMENT IS NOT APPROPRI ATE FOR OLD O FI ELD GROUNDWATER FOR TWD
REASONS: 1) THE ORGANI C CONTAM NANT CONCENTRATI ONS | N THE GROUNDWATER ARE TOO LOWN TO NAI NTAIN A HEALTHY

Bl OVASS, CREATI NG AN UNSTABLE SYSTEM AS DEMONSTRATED | N THE GROUNDWATER TREATABI LI TY TESTS; AND 2) VOLATI LE
ORGANI C COVPQUNDS ARE Al R STRI PPED FROM THE AERATI ON BASI N BEFORE THE M CROORGANI SM5 HAVE AN OPPORTUNI TY TO
Bl OOEGRADE THEM I N ADDI TI ON, Bl OLOG CAL TREATMENT MAY PRESENT  OPERATI ONAL DI FFI CULTI ES SI NCE THE SYSTEM
I' S SUSCEPTI BLE TO UPSET BY H GHLY VARI ABLE WASTE STREAVB ANDY OR VARI ABLE WATER FLOARATES, BOTH OF WH CH ARE
ANTI Cl PATED AT QLD O FI ELD.

THE EFFECTI VENESS OF THE PACT SYSTEM USED | N ALTERNATI VE T-6 TO DESTROY ORGANI C CONTAM NANTS | S COVPARABLE TO
THAT OF THE ACTI VATED SLUDGE SYSTEM W TH ACTI VATED CARBON PCLI SHI NG UNI TS USED | N ALTERNATI VE T-5; HOWEVER,
PACT | S LESS SUSCEPTI BLE TO UPSET FROM VARl ABLE FLOARATES AND | NFLUENT CONTAM NANT CONCENTRATI ONS BECAUSE THE
ACTI VATED CARBON I N THE PACT UNIT ACTS AS A BUFFER TO THE VARYlI NG CONCENTRATI ONS.

STRI NGENT PERFORVANCE MONI TORI NG OF THE TREATED EFFLUENT W LL BE REQUI RED OF ALL ALTERNATI VES THROUGHQUT THE
LI FE OF THE CPERATI ON PRI OR TO DI SCHARGE TO ENSURE GROUNDWATER TREATMENT GOALS ARE CONSI STENTLY MET.
MONI TORI NG WLL | NCLUDE CHEM CAL ANALYSI'S AND Bl OTOXI CI TY TESTI NG

REDUCTION CF TOXIA TY, MOBILITY, OR VOLUME THROUGH TREATMENT.

ALL OF THE ACTI VE CROUNDWATER TREATMENT ALTERNATI VES REDUCE BOTH THE TOXI CI TY AND THE VOLUME OF CONTAM NANTS
I'N THE GCROUNDWATER BY REMOVI NG THE CONTAM NANTS.  THE MOBI LI TY OF THE CHEM CALS | N THE GROUNDWATER | S A
FUNCTI ON OF THE GROUNDWATER EXTRACTI OV DI SCHARGE ALTERNATI VE SELECTED.

CHEM CAL PRECI PI TATI ON, UTI LI ZED FOR METALS REMOVAL I N ALL OF THE ACTI VE GROUNDWATER TREATMENT ALTERNATI VES,
REMOVES THE METAL AND OTHER | NORGANI C CONTAM NANTS FROM THE GROUNDWATER REDUCING I TS TOXIAITY. THIS IS
ACCOWPLI SHED BY CONCENTRATI NG THE CONTAM NANTS | NTO A METAL SLUDGE.

ALTERNATI VE T-3 | NCORPORATES Al R STRI PPI NG AND CARBON ADSCRPTI ON FOR ORGANI CS REMOVAL. Al R STRIPPING A
CRCSS- MEDI A TREATMENT TECHNI QUE, SOLVES THE GROUNDWATER PRCBLEM BY TRANSFERRI NG CONTAM NATI ON TO THE
ATMOSPHERE. AR EM SSI ONS FROM THE Al R STRI PPER LI KELY WLL REQU RE CONTROL IN THE FORM CF: 1) A CATALYTIC
CONVERTER THAT DESTROYS THE ORGANI C CONTAM NANTS BUT REQUI RES SCRUBBI NG OF ACI D GASES THEREBY GENERATI NG A
WASTEWATER, OR 2) A VAPOR- PHASE CARBON ADSCORPTI ON UNI T THAT CAPTURES THE ORGANI C CONTAM NANTS WH CH ARE LATER
DESTROYED THRQUGH OFF- SI TE REGENERATI ON. LI QUI D- PHASE CARBON ADSCRPTI ON ALSO CAPTURES ORGANI C CONTAM NANTS,;
THESE CONTAM NANTS ARE LATER DESTROYED THROUGH OFF- SI TE REGENERATI ON OR ARE DI SPOSED AS WASTE NMATERI ALS.
THEREFORE, ALTERNATI VE T-3 REDUCES THE TOXICI TY OF THE GROUNDWATER BY TRANSFERRI NG THE CONTAM NANTS TO OTHER
MVEDI A THAT REQUI RE OFF- SI TE DESTRUCTI ON OR DI SPOSAL.

ALTERNATI VE T-4 | NCORPORATES UV- OXI DATI ON FCR ORGANI CS REMOVAL. UV- OXI DATI ON COVPLETELY DESTROYS ORGANI C
CONTAM NANTS I N THE GROUNDWATER ON SI TE THEREBY REDUCI NG THE TOXI G TY OF THE GROUNDWATER WHI LE GENERATI NG NO
TREATMENT RESI DUALS.

ALTERNATI VE T-5 | NCORPORATES ACTI VATED SLUDGE TREATMENT AND CARBON ADSCRPTI ON FOR ORGANI CS REMOVAL.  WHEN
OPERATI NG EFFECTI VELY, AS SHOMN BY TREATABI LI TY TESTI NG TO NOT BE THE CASE FCR OLD O FI ELD GROUNDWATER,

ACTI VATED SLUDGE TREATMENT COVPLETELY DESTROYS CRGANI C CONTAM NANTS ON SI TE. HONEVER, ACTI VATED SLUDGE
SYSTEMB TYPI CALLY TRANSFER ORGANI C CONTAM NANTS TO THE Al R THROUGH | NADVERTENT Al R STRI PPI NG | N THE AERATI ON
BASI N AS DEMONSTRATED BY GROUNDWATER TREATABI LI TY TESTI NG SPENT ACTI VATED SLUDGE, WH CH SHOULD NOT CONTAI N
ORGANI C COVPQUNDS | F THE TREATMENT | S EFFECTI VE, |S GENERATED. THE LI QUI D- PHASE CARBON  ADSORPTI ON UNI T
CAPTURES ANY RENAI NI NG ORGANI C CONTAM NANTS; THESE CONTAM NANTS ARE LATER DESTROYED THROUGH OFF- SI TE
RECGENERATI ON CR ARE DI SPCSED AS WASTE MATERI ALS. THEREFORE, ALTERNATIVE T-5 REDUCES THE TOXICITY OF THE
GROUNDWATER BY CONTAM NANT DESTRUCTI ON AND BY TRANSFERRI NG THE CONTAM NANTS TO THE Al R OR OTHER MEDI A THAT
REQUI RE OFF- SI TE DESTRUCTI ON OR DI SPOSAL. ALTERNATIVE T-6 |S SIM LAR TO ALTERNATI VE T-5.

SHORT- TERM EFFECTI VENESS.

THE SHORT- TERM EFFECTI VENESS | S SIM LAR FOR ALL THE ACTI VE GROUNDWATER TREATMENT ALTERNATI VES. CONSTRUCTI ON



OF THE TREATMENT FACI LI TY AND SUPPORT STRUCTURES W LL BE COVPLETED W TH STANDARD CONSTRUCTI ON
EQUI PMENT, BUT WLL ENTAIL ADDI TI ONAL RI SKS TO WORKERS BEYOND THAT RI SK | NHERENT W TH CONSTRUCTI ON PRQJIECTS
BECAUSE OF THE POTENTI AL FOR ENCOUNTERI NG UNEXPLCDED ORDNANCE ( UXO) .

STRI NGENT PERFCRVANCE MONI TORI NG OF THE TREATED EFFLUENT W LL BE REQUI RED DURI NG TREATMENT PLANT START- UP
OPERATI ONS TO ENSURE THAT GROUNDWATER TREATMENT GOALS ARE MET.

| MPLEMENTABI LI TY.

COVPONENT TECHNOLOG ES OF ALTERNATIVES T-3 AND T-5 ARE VEELL- PROVEN, COMMERCI ALLY AVAI LABLE, AND COVMONLY USED
I'N WATER AND WASTEWATER TREATMENT PROCESSES.

ALTHOUGH UV- OXI DATI ON ( ALTERNATI VE T-4) HAS BEEN USED AT SEVERAL CERCLA AND INDUSTRIAL SITES, IT IS STILL
CONSI DERED AN | NNOVATI VE TECHNOLOGY. THE EQUI PMENT | S AVAI LABLE THROUGH ONLY A FEW COVPANI ES; THE UNI TS MAY
BE AVAI LABLE 6 TO 12 WEEKS AFTER RECEI PT OF A PURCHASE CRDER

THE PACT SYSTEM USED I N ALTERNATIVE T-6 | S PATENTED AND ONLY AVAI LABLE THROUGH ONE VENDCR. | T HAS BEEN
UTI LI ZED AT A NUMBER OF | NDUSTRI AL AND HAZARDOUS WASTE SI TES.

COsT.

THE RATE OF GROUNDWATER EXTRACTI ON, AND THEREFCORE THE FLOW TO THE TREATMENT SYSTEM VAR ES WTH THE SELECTI ON
OF AN EXTRACTI OV DI SCHARGE ALTERNATI VE. EXTRACTI ON RATES FOR THE GROUNDWATER EXTRACTI OV DI SCHARGE

ALTERNATI VES CONSI DERED RANGE FROM 20. 6 GPM (ALTERNATI VE E-4) TO 46.1 GPM (ALTERNATI VE E-5). FOR COSTI NG
PURPOSES, A FLOARATE OF 25 TO 30 GPM WAS USED FOR TREATMENT ALTERNATI VES.

ALTERNATI VE T-3 HAS A PRESENT WORTH OF $9, 392, 000 AND ALTERNATI VE T-4 HAS A PRESENT WORTH OF $7, 357,000 FOR A
30- YEAR PERI OD AT A 5 PERCENT DI SCOUNT RATE. THESE ESTI MATES ARE BASED ON EQUI PMENT CHARACTERI STI CS

DETERM NED FOLLOW NG TREATABI LI TY TESTI NG  ALTERNATI VES T-5 AND T-6 HAVE PRESENT WORTH OF $6, 449, 000 AND

$5, 582, 000, RESPECTI VELY, BASED ON I NI TI AL ESTI MATES PRI OR TO PERFORVMANCE OF

THE TREATABI LI TY STUDI ES.

THE COSTS ASSOCI ATED W TH ALTERNATI VES T-5 AND T-6 WERE NOT UPDATED SI NCE BENCH SCALE TREATABI LI TY TESTI NG
SHOWED Bl OLOG CAL TREATMENT TO BE | NAPPROPRI ATE FOR OLD O FI ELD GROUNDWATER

STATE ACCEPTANCE.

THE STATE OF MARYLAND CONCURS W TH THE SELECTED TREATMENT ALTERNATI VE | NDI CATED | N THE DECLARATI ON AND
SECTI ON. 5. 0.

COVMUNI TY ACCEPTANCE.

AS MENTI ONED | N SECTION 1.4, THE PUBLI C WAS | NVI TED TO REVI EW THE ADM NI STRATI VE RECORD, ATTEND A PUBLIC
MEETI NG AND SUBM T COMVENTS ON ALL TREATMENT ALTERNATI VES UNDER CONSI DERATI ON. THE RESPONSI VENESS  SUMVARY
PROVI DED I N APPENDI X A G VES A THOROUGH REVI EW CF PUBLI C COMMVENTS AS WELL AS ARMY AND EPA RESPONSES.

COMMUNI TY ACCEPTANCE | S ASSESSED | N DETAIL I N THE RESPONSI VENESS SUMVARY.

#SRA
5.0 SELECTED REMEDI AL ALTERNATI VE

TH' S SECTI ON | DENTI FI ES AND SUMVARI ZES THE SELECTED | NTERI M ACTI ON | N RESPONSE TO QU ONE FOR QLD O FI ELD.
EXTRACTI OV DI SCHARGE AND TREATMENT COWMPONENTS OF THE REMEDY ARE DESCRI BED ALONG W TH AN OVERVI EW OF THE
RATI ONALE FOR SELECTION. A DI SCUSSI ON OF HOW THE SELECTED REMEDY SATI SFI ES THE STATUTORY REQUI REMENTS CF
SECTI ON 121 OF CERCLA |'S ALSO | NCLUDED.

5.1 ALTERNATI VE DESCRI PTI ON



THE PREFERRED ALTERNATI VE FOR CONTAI Nl NG THE CONTAM NATED GROUNDWATER AT OLD O FI ELD IS DOANGRADI ENT
EXTRACTI ON OF THE CONTAM NATED GROUNDWATER PLUME, AS DESCRI BED I N ALTERNATI VE E-1, FOLLOWED BY ON-SITE
TREATMENT UTI LI ZI NG CHEM CAL PRECI Pl TATI ON FOLLOMED BY ULTRAVI OLET- OXI DATI ON TO REMOVE THE FULL RANGE COF

I NORGANI C AND CRGANI C CONTAM NANTS, AND DI SCHARGE TO THE GUNPOADER RI VER, AS DESCRI BED | N ALTERNATI VE T- 4.
TH S REMEDI AL APPRCACH | S BELI EVED TO PROVI DE THE BEST BALANCE OF TRADE- OFFS W TH RESPECT TO THE EVALUATI ON
CRITERIA. THE TOTAL ESTI MATED CAPI TAL COST OF THE REMEDY | S $1, 881, 000, AND THE TOTAL ESTI MATED OPERATI ON
AND NMAI NTENANCE COSTS ARE $466, 650 PER YEAR  THE TOTAL ESTI MATED PRESENT WORTH IS $9, 120, 000 BASED ON A
30- YEAR PERI CD AND A 5 PERCENT DI SCOUNT RATE. THE REMEDY | S EXPECTED TO REQU RE 18 TO 36 MONTHS TO

| MPLEMENT.

NEW GROUNDWATER EXTRACTI ON VELLS W LL BE LOCATED | N AREAS OF H GHEST GROUNDWATER CONTAM NATI ON DOANGRADI ENT
OF THE SOURCE. THE EXTRACTI ON SYSTEM W LL BE DESI GNED TO CAPTURE CONTAM NATI ON EMANATI NG FROM THE LANDFI LL
TO THE MAXI MUM PGSSI BLE EXTENT. THE NUMBER AND SPECI FI C DESI GN OF THE EXTRACTI ON WELLS, WLL BE SPECI FI ED BY
TESTI NG NEWLY | NSTALLED WELLS DURI NG AN EARLY PERI CD OF THE DESI GV CONSTRUCTI ON PHASE OF THE REMEDI ATI ON
EFFORT. THESE TESTS ALSO WLL BE USED TO DETERM NE THE CAPTURE ZONE, AQUI FER YI ELD, AND CPTI MAL PUMPI NG RATE
FOR EACH WELL AND THE COVBI NED SYSTEM AT LEAST THREE Pl EZOMETERS SHALL BE UTILIZED IN THE VICINITY OF EACH
EXTRACTI ON VELL TO MONI TOR HORI ZONTAL AND VERTI CAL HYDRAULI C GRADI ENTS AND CONTAM NANT DI STRI BUTI ONS | N
GROUNDWATER.  THE USEABI LI TY OF EXI STI NG WELLS AS MONI TORI NG PO NTS W LL BE DETERM NED DURI NG THE DESI GN
PHASE.

COLLECTED GROUNDWATER W LL BE TREATED BY CHEM CAL PRECI PI TATI ON FOLLONED BY ULTRAVI OLET- OXI DATION PRIOR TO

DI SCHARCE TO THE GUNPOANDER RI VER.  THE PROCESSES LI KELY W LL BE CONTI NUCUS- FLOW CPERATED AT THE GROUNDWATER
EXTRACTI ON FLOARATE. CHEM CAL PRECI PI TATI ON W LL GENERATE A SLUDGE WH CH W LL BE EVALUATED FOR HAZARDQOUS
WASTE CHARACTERI STI CS AND TRANSPORTED AND DI SPCSED | N ACCORDANCE W TH APPLI CABLE FEDERAL AND STATE

REGULATI ONS.  BASED ON TREATABI LI TY TEST RESULTS AND 24 HOUR/ DAY OPERATI ON, APPROXI MATELY 43, 000 GALLONS/ YEAR
OF SLUDGE WLL BE GENERATED. THE ULTRAVI CLET- OXI DATI ON PROCESS W LL NOT GENERATE ANY  TREATMENT RESI DUALS.
THE EXTRACTED GROUNDWATER W LL BE TREATED TO ATTAI N CHEM CAL- SPECI FI C ARARS VWH CH SHALL | NCLUDE AMBI ENT WATER
QUALI TY CRI TERI A PROMULGATED UNDER THE CLEAN WATER ACT AND MAXI MUM CONTAM NANT LEVELS PROMULGATED UNDER THE
SAFE DRI NKI NG WATER ACT. TREATABI LI TY TEST RESULTS CONFI RM THESE ARARS ARE ATTAI NABLE WTH TH S TREATMENT
SEQUENCE. TREATABI LI TY TESTI NG ALSO DEMONSTRATED THAT COVPOUNDS NOT REGULATED BY THESE ARARS, SUCH AS

CHEM CAL WARFARE AGENT DEGRADATI ON PRODUCTS, CAN BE TREATED TO LESS THAN | NSTRUMENT DETECTI ON LEVELS USI NG
THE SELECTED TREATMENT APPROACH. STRI NGENT PERFCRVANCE MONI TORI NG OF THE TREATED EFFLUENT, | NCLUDI NG

CHEM CAL SAMPLI NG AND BI OTOXI G TY TESTI NG THROUGHOUT THE LI FE OF THE OPERATI ON, WLL BE PERFORMED PRICR TO

DI SCHARCGE TO ENSURE ARARS ARE SATI SFI ED CONSI STENTLY.

5.2 COVPLI ANCE W TH STATUTORY REQUI REMENTS
5.2.1 PROTECTI ON OF HUVAN HEALTH AND THE ENVI RONVENT

THE SELECTED | NTERI M ACTI ON ALTERNATI VE PROTECTS HUVAN HEALTH AND THE ENVI RONMENT FROM THE RI SKS ASSOCI ATED
W TH GROUNDWATER CONTAM NATI ON FROM OLD O FI ELD AND I TS M GRATI ON | NTO | NTERCONNECTI NG SURFACE WATERS. TH S
I'S ACCOWPLI SHED BY CONTAI NI NG THE CONTAM NATED GROUNDWATER NEAR THE SQURCE SO THAT | T DOES NOT DI SCHARGE TO
WATSON CREEK. FURTHERMORE, THE EXTRACTED GROUNDWATER W LL BE TREATED TO ACCEPTABLE LEVELS PRI CR TO DI SCHARGE
TO THE GUNPOADER RI VER  HUVMAN POPULATI ONS W LL BE PROTECTED FROM DI RECT CONTACT AND FOCD- CHAI N EXPCSURES
ASSCCI ATED W TH CONTAM NANT M GRATI ON FROM THE GROUNDWATER | NTO WATSON CREEK AND, ULTI MATELY, THE GUNPOADER
RIVER  AQUATI C LI FE I N WATSON CREEK AND THE GUNPONDER RI VER, AND TERRESTRI AL W LDLI FE FEEDI NG ON AQUATI C

LI FE, WLL ALSO BE PROTECTED FROM RI SKS ASSCCI ATED W TH GROUNDWATER CONTAM NANT M GRATI ON FROM OLD O FI ELD.

5.2.2 COWPLI ANCE W TH ARARS

THE SELECTED | NTERI M ACTI ON ALTERNATI VE W LL COVPLY W TH CHEM CAL- SPECI FI C ARARS APPLI CABLE TO GROUNDWATER
REMEDI ATI ON AS DEMONSTRATED BY TREATABI LI TY TESTI NG  ARARS CONSI DERED FOR OLD O FI ELD GROUNDWATER TREATMENT
I NCLUDE AMBI ENT WATER QUALI TY CRI TERI A PROMULGATED UNDER THE CLEAN WATER ACT AND NAXI MUM CONTAM NANT LEVELS
PROMULGATED UNDER THE SAFE DRI NKI NG WATER ACT. I N ADDI TION, CHEM CAL PRECI Pl TATION  SLUDGE W LL BE ANALYZED
FOR RCRA HAZARDCQUS WASTE CHARACTERI STI CS TO ENSURE THAT RCRA LAND DI SPCSAL RESTRI CTI ONS ARE SATI SFI ED.

5.2.3 COST EFFECTI VENESS



THE SELECTED | NTERI M ACTI ON HAS BEEN DETERM NED TO PROVI DE THE BEST OVERALL EFFECTI VENESS PROPORTI ONAL TO I TS
COSTS OF ALL THE ALTERNATI VES CONSI DERED. DOANGRADI ENT EXTRACTI ON W TH DI SCHARGE TO SURFACE WATER IS THE
LONEST COST EXTRACTI OV DI SCHARCE ALTERNATI VE | DENTI FI ED;, HONEVER, | T | S EFFECTI VE | N CAPTURI NG THE

CONTAM NATED GROUNDWATER PLUME FROM OLD O FI ELD. AS DEMONSTRATED THROUGH TREATABI LI TY TESTI NG ALTERNATI VES
T-3 AND T-4 ARE THE ONLY GROUNDWATER TREATMENT ALTERNATI VES EFFECTI VE | N REMOVI NG | NORGANI C AND CRGANI C
CONTAM NANTS BELOW TARGET CLEANUP AND ACUTE TOXI G TY LEVELS WH LE NMAI NTAI NI NG A STABLE MODE OF CPERATION. OF
THESE, CHEM CAL PRECI PI TATI ON FOLLONED BY ULTRAVI CLET- OXI DATI ON (ALTERNATI VE T-4) IS THE LONER COST

ALTERNATI VE.  ALTERNATI VE T-4 HAS THE ADDED BENEFI T OVER ALTERNATI VE T-3 OF DESTROYI NG CRGANI C ~ CONTAM NANTS
I'N THE GROUNDWATER OR SI TE W THOUT CGENERATI NG TREATMENT RESI DUALS.

5.2.4 UTI LI ZATI ON OF PERVANENT SCLUTI ONS AND ALTERNATI VE TREATMENT TECHNOLOG ES (OR RESOQURCE RECOVERY
TECHNOLOQ ES) TO THE MAXI MUM EXTENT PRACTI CABLE

THI'S I NTERIM ACTI ON IS NOT DESI GNED CR EXPECTED TO BE FI NAL, BUT THE SELECTED REMEDY REPRESENTS THE BEST
BALANCE OF TRADE- OFFS AMONG ALTERNATI VES W TH RESPECT TO PERTI NENT CRI TERIA, G VEN THE LI M TED SCOPE OF THE
ACTI O\

5. 2.5 PREFERENCE FOR TREATMENT AS A PRI NClI PAL ELEMENT

BY TREATI NG THE CONTAM NATED GROUNDWATER BY CHEM CAL PRECI PI TATI ON FOLLOWED BY ULTRAVI CLET- OXI DATI ON, THE
SELECTED REMEDI AL ACTI ON ADDRESSES ONE OF THE PRI NCI PAL THREATS PCSED BY THE SI TE THROUGH THE USE OF
TREATMENT. THEREFCRE, ALTHOUGH THIS ACTION IS NOT A FI NAL REMEDY, THE STATUTCRY PREFERENCE OF TREATMENT AS A
PRI NCI PAL ELEMENT | S SATI SFI ED.

5. 3 PERFORVANCE MONI TORI NG PROGRAM

A MONI TORI NG PROGRAM SHALL BE DEVELCPED TO EVALUATE THE EXTENT TO WH CH THE GROUNDWATER EXTRACTI ON AND
TREATMENT COMPONENTS OF THE | NTERI M RESPONSE ACTI ON PERFCRM | N COVPLI ANCE W TH APPLI CABLE CHEM CAL CRI TERI A
FOR CHEM CALS PRESENT | N THE EXTRACTED GROUNDWATER  THESE CHEM CAL SPECI FI C CRI TERI A SHALL BE DEVELCPED I N
ACCORDANCE W TH THE RESULTS OF THE PERFORMANCE MONI TORI NG PROGRAM THE AMBI ENT WATER QUALI TY CRITERI A, AND
SUBSTANTI VE REQUI REMENTS OF THE NATI ONAL PCLLUTANT DI SCHARGE ELI M NATI ON SYSTEM

5.3.1 GROUNDWATER CONTAI NVENT MONI TORI NG

A GROUNDWATER MONI TORI NG PLAN SHALL BE DEVELOPED AND | MPLEMENTED DURI NG THE | NTERI M RESPONSE ACTI ON TO ENSURE
THAT HYDRAULI C CONTROL OF THE PLUVE OF CONTAM NATI ON EMANATI NG FROM OLD O FI ELD TOMRDS WATSON CREEK | S

MAI NTAI NED.  SPECI FI CALLY, AN | NMARD AND UPWARD GRADI ENT WTH N THE PLUVE MJUST EXI ST TO M Tl GATE THE

DI SCHARCGE OF CONTAM NATED CGROUNDWATER TO WATSON CREEK. | NFORMATI ON NECESSARY FOR THI S DETERM NATI ON | NCLUDES:

* HORI ZONTAL AND VERTI CAL GRADI ENTS | N THE GROUNDWATER
BETWEEN OLD O FlI ELD AND WATSON CREEK;

* HORI ZONTAL AND VERTI CAL CONTAM NANT CONCENTRATI ON
GRADI ENTS | N GROUNDWATER BETWEEN OLD O FI ELD AND WATSON CREEK;

* CHANGES | N CONTAM NANT CONCENTRATI ON OR DI STRI BUTI ON OVER Tl ME;
* EFFECTS IN TI DAL | NFLUENCE ON THE PLUME CAPTURE ZONE, AND

* EFFECTS OF ANY MODI FI CATI ONS TO THE ORI G NAL | NTERI M
RESPONSE ACTI O\

TO PROVI DE THI S | NFORVATI ON, THE GROUNDWATER CONTAI NVENT PERFCRVANCE MONI TORI NG PLAN SHALL | NCLUDE, AT A

M N MMM THE FOLLON NG LOCATI ONS OF NEW CR EXI STI NG MONI TORI NG WELLS FOR WATER QUALI TY SAMPLI NG FREQUENCY
OF WATER QUALI TY SAMPLI NG ANALYTI CAL PARAMETERS ( FOCUSI NG ON CHEM CALS OF CONCERN) AND ANALYTI CAL PROCEDURES
TO BE EMPLOYED; FI ELD SAVPLI NG METHODS; SPECI FI CATI ON OF WATER LEVEL MONI TORI NG LOCATI ONS, METHCDS AND
FREQUENCI ES USI NG NEW OR EXI STI NG WELLS; AND METHODS FOR CAPTURE ZONE ANALYSI S.



5.3.2. EFFLUENT MONI TORI NG PROGRAM

A MONI TORI NG PLAN FOR THE EFFLUENT FROM THE TREATMENT PLANT SHALL BE DEVELCPED AND | MPLEMENTED DURI NG THE
I NTERI M RESPONSE ACTI ON TO ENSURE THAT CONTRCOL OF THE EFFLUENT IS NAI NTAINED PRI OR TO DI SCHARGE. A

MONI TORI NG PROGRAM SHALL BE DEVELOPED DURI NG THE DESI GN PHASE THAT PROVI DES PERI ODI C ANDY OR CONTI NUQUS

| NFORVATI ON ON THE FOLLOWN NG PARAMETERS:

* CHEM CAL CONSTI TUENCY OF THE TREATMENT PLANT EFFLUENT; AND
* ACUTE ND CHRONIC TOXICI TY OF THE EFFLUENT.

TO PROVI DE THI S | NFORVATI ON, THE EFFLUENT MONI TORI NG PROGRAM SHALL | NCLUDE, AT A MN MMM THE FOLLOWN NG
ANALYSI S OF 24- HOUR COVPCSI TE SAMPLES AT A FREQUENCY OF TWCE A MONTH FOR TOTAL SUSPENDED SCLI D, TOTAL
ARSENI C OR METALS OF CONCERN, VOLATILE ORGANI C COVPOUNDS, AND OTHER CHEM CALS OF CONCERN, CONTI NUOUS

MONI TORI NG OF PH AND CONTROL WTH N THE LIM TS OF 6 AND 9; ACUTE TOXI G TY TESTI NG PERFORVED ON A QUARTERLY
BASI S FOR A PERI GO OF TWD YEARS. ACCCRDI NG TO ESTABLI SHED EPA PROTOCCLS; AND SHORT- TERM CHRONI C TESTI NG
PERFORMVED DURI NG THE THI RD AND FOURTH QUARTERS OF EACH YEAR FOR A PERI CD OF TWD YEARS, ACCCRDI NG TO
ESTABLI SHED EPA PROTOCCLS.

5.4 SI GNI FI CANT CHANGES FROM THE PROPCSED PLAN

THE PROPCSED PLAN FOR QU ONE AT OLD O FI ELD WAS RELEASED FCOR PUBLI C COMVENT IN JULY 1991. THE PROPCSED PLAN
| DENTI FI ED ALTERNATI VE E-1, DOANGRADI ENT EXTRACTI ON W TH DI SCHARGE TO THE GUNPOADER RI VER, COMBINED W TH
ALTERNATI VE T-4, CHEM CAL PRECI PI TATI ON FOLLOAED BY ULTRAVI CLET- OXI DATI ON TREATMENT OF CONTAM NATED
GROUNDWATER, AS THE PREFERRED | NTERI M RESPONSE ACTI ON.  THE ARMY AND THE EPA REVI EWED ALL WRI TTEN AND VERBAL
COMMENTS SUBM TTED DURI NG THE PUBLI C COMMENT PERI CD. UPON REVI EW OF THESE COMMENTS, | T WAS DETERM NED THAT NO
SI GNI FI CANT CHANGES TO THE | NTERIM ACTION, AS I T WAS ORI G NALLY | DENTI FIED IN THE PROPCSED PLAN, WERE
NECESSARY.



#TA
TABLE 10
CHEM CAL PRECI PI TATI ON
BENCH- SCALE TREATABI LI TY DATA (Ud L)

FOLLOWN NG CHEM CAL

PARAMVETER- A UNTREATED WATER-B  PRECI PI TATI ON-C
ALUM NUM 254.00 46.00 U
ARSENI C 100. 00 33.20

BARI UM 137.00 B 21.50 B
CALCl UM 26, 400. 00 56, 900. 00
COBALT 15.90 B 6.00 U

I RON 48, 500. 00 701. 00
MAGNESI UM 21, 400. 00 9, 050. 00
MANGANESE 1, 290. 00 10.10 B
NI CKEL 29.10 B 20.00 U
POTASSI UM 3,180.00 B 1,930.00 B
SELEN UM 15.00 U 3.90 B
SCDI UM 20, 100. 00 14, 800. 00
VANADI UM 9.50 B 5.00 U

ZI NC 538. 00 15.80 B

A - ONLY | NCLUDES COVPOUNDS DETECTED | N GROUNDWATER SAMPLES.

| NCLUDE COVPOUNDS ANALYZED FOR AND NOT DETECTED.

DCES NOr

- BASED ON TREATABI LI TY TRAI LER SAMPLES.

BASED ON LI ME JAR TEST SAMPLES.

- UNDETECTED AT THE LI STED DETECTION LIMT.

- REPORTED VALUE IS LESS THAN THE CONTRACT REQUI RED DETECTION LIM T
(CRDL) AND GREATER THAN THE | NSTRUMENT DETECTION LIMT (1DL).

TCO®@



TABLE 11
CHEM CAL PRECI PI TATI ON
PI LOT- SCALE TREATABI LI TY DATA (Ud L)

FOLLOWN NG CHEM CAL

PARAMVETER- A UNTREATED WATER-B  PREC!I PI TATI ON-B
ARSENI C 4.5 B 4.00 U
BARI UM 226. 00 223.00
CALCI UM 35, 100. 00 151, 000. 00
COPPER 24.90 B 9.00 U

I RON 83, 500. 00 442. 00
LEAD 136. 00 5. 80
MAGNESI UM 16, 500. 00 4,950.00 B
MANGANESE 1, 690. 00 12.20 B
POTASSI UM 1,100.00 U 1,360.00 B
SCDI UM 15, 600. 00 17, 900. 00
VANADI UM 13.60 B 8.00 U

ZI NC 125. 00 27.70

A - O\LY | NCLUDES COVPOUNDS DETECTED | N GROUNDWATER SAMPLES. DCES NOT
I NCLUDE COVPOUNDS ANALYZED FOR AND NOT DETECTED.

B - BASED ON DAY 3 SAMPLES.

U - UNDETECTED AT THE LI STED DETECTION LIM T.

B - REPORTED VALUE IS LESS THAN THE CONTRACT REQUI RED DETECTION LIMT
(CRDL) AND GREATER THAN THE | NSTRUVENT DETECTION LIMT (I1DL).



